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Diphtheria is an inflammatory infectious disease, usually of mucous
membranes, of which the essential cause is a specific micro-organism. The
inflammatory process is often attended by the formation of false membranes.
The absorption of the toxic products of the micro-organism produces
secondary effects ; of these a peculiar form of paralysis is the most char-
acteristic.

The name diphtheria we owe to Bretonneau (1855). He had previously

(1821) used the term diphtherias.

History and Geographical Distribution.—The disease was first de-
scribed by Aretreus of Cappadocia in the second century a.d., who mentions
that it was prevalent in Egypt and Syria. iEtius, in the fifth century,
was acquainted with it. During several succeeding centuries there occur
at long intervals of time only a few doubtful records of the disease, and it is

not till the sixteenth century that a more definite account is forthcoming.
In 1517 Hecker described a fatal form of infectious angina that appeared
in Holland, and later in Basle. During the latter half of the century the
disease was prevalent in Southern Italy, Spain, and Portugal ; there were
also outbreaks in Paris and Dantzig. Epidemics continued to occur during
the seventeenth century in Italy, Spain, and Portugal ; and in the follow-

ing century Northern France, Holland, Switzerland, Germany, Sweden,
England, and North America were invaded. Towards the end of the
eighteenth century, however, diphtheria seems to have been somewhat
diminishing in its prevalence in the countries we have named ; and though
from time to time outbreaks are reported in various quarters during the

vol. in 1



2 DIPHTHEKIA

first half of the nineteenth century, it was not till its middle that the

disease began again to be serious over a wide area. Since then it has been

and still is, more or less, prevalent all over Europe and in North America

and Australia ; to a less extent also in certain districts of South America,

South Africa, India, and China.

Etiology.—At the present day, therefore, diphtheria is a very widely

spread affection. The accumulation of properly compiled records of the

fatal cases in various countries during the past twenty-five to fifty years

has enabled inquirers to elucidate several important facts with respect to

its etiology. Amongst the most recent and valuable researches in this

field are those of Newsholme. This author draws conclusions, of which the

following is a brief summary :

—

Diphtheria has a tendency to spread from one place to another by the ordinary

channels of communication. In certain years diphtheria may be pandemic over

whole countries or a continent. The amount of endemic diphtheria varies greatly

for different) countries and cities ; but " in no town from which records have been

obtained is there a complete absence of the disease in a single year since the

records commenced." In places where the amount of endemic diphtheria is not

great, epidemics tend to occur in cycles, the intervals between the cycles being very

variable for different places. The duration of an epidemic is also variable, but is

usually longer in large than in small cities or towns.

Before the appearance of Newsholme's work it had been shown that for

England and Wales one of the most striking features with respect to the preva-

lence of diphtheria was that, whereas up to 1880 the disease was incident upon the

rural to a greater extent than upon the urban population, since that date the

reverse has been the case ; there has been an increase both in rural and urban
diphtheria, but the urban incidence has risen to a much higher degree than the

rural. London has especially suffered. Newsholme's observations show that this

increase in urban diphtheria is not confined to England and Wales, but has also

occurred in countries so widely separated as the United States, Japan, and South
Australia. It is reasonable to suppose that the wonderful improvements effected

during recent years in our means of transit have had no small share in contri-

buting to this increase.

Like most infectious diseases, diphtheria has its special seasonal preva-

lence, which, 'when estimated by the recorded deaths, is in this country

from September to the end of the year. In London a marked rise in the

notifications is observed in July. The consideration of the influence of soil

and climatic conditions upon the prevalence of diphtheria has led to con-

siderable diversity of opinion. While some writers deny that these condi-

tions exert any material effect, it is held by others that a soil which is

continually moist and impregnated with organic refuse is favourable to

both the existence and virulence of the disease. Xewsholme, in the work
from which we have already quoted, gives the results of his inquiries into

the relation between epidemic diphtheria, the rainfall, and the level of the
ground-water. The general conclusions to which he comes are abbreviated
by himself as follows :

—

"An epidemic of diphtheria never originates when there has been a series
of years in which each year's rainfall is above the average amount. An epidemic
of diphtheria never originates or continues in a wet year (i.e. a year in which the
total annual rainfall is materially above the average amount), unless this wet year
follows on two or more dry years immediately preceding it. The epidemics of
diphtheria, for which accurate data are available, have all originated in dry years
(i.e. years in which the total annual rainfall is materially below the average
amount). The greatest and most extensive epidemics of diphtheria have occurred
when there have been four or five consecutive dry years, the epidemic sometimes
starting near the beginning of this series, at other times not until near its end.
Dry years imply low ground-water, and we find therefore in the years of epidemic
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diphtheria that the ground-water is exceptionally low. The exact variations in
the ground-water which most favour epidemic diphtheria cannot with the data to
hand as yet be stated ; but it is probable that when this is cleared up, it will
become clear why, in exceptional years which have a deficient rainfall, epidemic
diphtheria is either absent or but slight."

Newsholme's conclusions are at variance with the hitherto accepted ideas con-
cerning the association of dampness of soil and diphtheria ; but they are based on
accurate records. Taking up an idea put forward by M. A. Adams, of Maidstone,
Newsholme suggests that the micro-organism of diphtheria passes a saprophytic
existence in the soil, and that its growth is favoured by a low level of the ground-
water, such as would follow a deficient rainfall. The rise of the ground-water
consequent upon rains, drives the micro-organism out of the soil • the organism
may then become parasitic on man, and an epidemic arise. But this hypothesis,
which may account for the autumnal and winter prevalence of diphtheria in
England, and for epidemics which arise in wet following dry years, does not
appear to explain the epidemics which commenced in dry years, unless it be that
the rains that do fall during the dry years are sufficient for the purpose suggested,
or that variations in the atmospheric pressure, apart from rainfall, have the same
effect. Moreover the diphtheria bacillus has not yet been found in the earth.
Diphtheria does not appear to flourish in tropical to such an extent as in temperate
climates.

There is evidence to show that in some epidemics of diphtheria the disease
increases in virulence as the epidemic progresses. At first sore throats of a mild
character and questionable nature occur ; then in increasing numbers cases pre-
sent themselves that are undoubted and more severe, even proving fatal ; so that
it seems as if the organism of the disease gained in virulence as it is transmitted
from one person to another.

It is believed by some that throat lesions {e.g. simple tonsillitis or the angina
of scarlet fever) predispose to diphtheria. But the writer ventures to doubt
whether a throat affection renders the individual more susceptible than does any
disease which lowers the power of resisting the attacks of pathogenic micro-
organisms.

Association with other Diseases.—Diphtheria is frequently found associ-

ated with other zymotic diseases. It appears to have an especial liking for

scarlet fever and measles, but it not infrequently attacks patients suffering

from pertussis, varicella, and tuberculosis ; less commonly is it found with
enteric fever and small-pox. It complicates both the acute and convalescent

stages of these affections, and is more fatal when thus combined than when
occurring alone. The occurrence of these coincident infections is largely

determined by such factors as the age-incidence and prevalence of the

diseases concerned. Thus we find from the published statistics of the

Metropolitan Asylums Board that scarlet fever attacks the patients con-

valescing from diphtheria quite as often as diphtheria does those recovering

from scarlet fever.

Age and Sex and Case-Mortality.—The London notifications for 1892
to 1897 show that rather more than one-third of the cases are under the

age of five years, and rather less than one-third are between the ages five

and ten. With every succeeding quinquennium the number becomes very
much smaller. Age has also a marked influence on the case-mortality.

This is highest in infants under one year. It then gradually falls up to

the fifth year, and after that more rapidly ; but it rises again after forty.

Before the introduction of the antitoxin treatment the case -mortality of

the patients under five admitted to the hospitals of the Metropolitan

Asylums Board was 50 per cent ; from five to ten, 28 per cent ; from ten

to fifteen, 10 per cent ; from fifteen to twenty, 4 per cent ; from twenty to

forty, nearly 5 per cent ; and over forty, 17 per cent.

Diphtheria attacks more females than males ; this is usually attributed

to the fact that the nature of the duties and habits of the female sex render
its members more exposed to infection than the male.
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Modes of Dissemination.—By far the most common mode is by personal

communication between the affected and the healthy, either directly as in

such an act as kissing, or perhaps more often indirectly by means of

utensils for eating and drinking, handkerchiefs, toys, etc. The infection

may be harboured for a considerable time in such articles as wearing apparel

and toys. It is not often conveyed by third persons.

There are now on record several epidemics of diphtheria in which it has

been clearly proved that the infection was conveyed in milk. In BOl

instances the source of infection has not been traced ; in others the speciiic

contamination has been derived from a human source during the collection

and distribution of the milk ; in a third group the infected milk has been

obtained from cows that have been at the time the subjects of a disease of

the udder, a febrile affection in which the local lesions consist of vesicles

which pass on to pustules and ulcers. It was suggested by Power that the

connection between this disease and the specific infection of the milk .

more than accidental. Working at the subject experimentally, Klein found

that in five out of ten milch cows inoculated in the shoulder with a

virulent growth of diphtheria bacilli, there was produced after a few days

an eruption on the teats and udders similar to that occurring naturally.

The disease could be transferred to calves by inoculation. In two out of

the five cases diphtheria bacilli were obtained from the milk yielded by the

animal, and in two the bacilli were shown to be present in the vesicles and

pustules upon the udder. The experiments of Klein, so far as they go,

corroborate Power's hypothesis. It is true that the disease set up by Klein

in the cow differs considerably from that met with in the human being,

notably in the production of vesicles and pustules containing the specific

organism in a region remote from the seat of inoculation. With respect to

the two similar experiments on cows by Abbott (of Philadelphia) with

negative results, it may be observed, firstly, that some of Klein's own
experiments were also negative, and that the negative can hardly be allowed

to weigh against the positive results ; secondly, that Abbott did not observe

the same conditions as those under which Klein worked. The specific

bacillus has been found in milk presumed to be the cause of an outbreak of

diphtheria (Bowhill and Eyre), but it has not yet been demonstrated in the

milk and in the lesions on the udder of a cow to which a definite epidemic

has been traced.

Besides its probable occurrence in cows, diphtheria certainly attacks

cats ; and instances have been recorded both where it has been communi-
cated, from the animal to man and from man to the animal.

There is no instance of diphtheria having been conveyed by the water-

supply ; nor do faulty sanitary arrangements in connection with the removal

of sewage or refuse lead to outbreaks. There has been marked improvement

made in the sanitary condition of this country during the past thirty years

or so, which has resulted in a notable lessening in the prevalence of enteric

fever, a disease which certainly goes with bad sanitation of the kind to

which we have alluded
;
yet diphtheria has become more rife during that

period. But there is reason to believe that insanitary conditions may
aggravate or possibly predispose to diphtheria, and in this way there-

fore there may be said to be a connection between the disease and its

surroundings.

School Influence.—When we remember that diphtheria is especially a

disease of children, we might argue a priori that the daily aggregation of

numbers of such individuals would tend to widen its prevalence. And as

a matter of fact it has been shown by more than one observer (especially
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Thorne Thorne and Power) that a local prevalence of the disease has been
kept up by such aggregation. Not only is it that children catch the disease

by being brought into contact with infected children at school, but they go
home and infect others who are not attending school. In some instances

the closing of the school has markedly diminished the prevalence of

diphtheria, and the reopening has increased it. In certain epidemics
occurring in not very populous rural districts the school influence has not
been difficult to trace, and cannot be gainsaid. But the question arises

whether or not this influence is in operation over larger areas and for

longer periods. .

It is not claimed by those who are most conversant with the problem that the
marked increase of diphtheria in this country during recent years is entirely due
to school influence ; but it is suggested that a considerable portion of it is. The
two facts that are brought forward in favour of this view are as follows : The
Education Act was passed in 1870, and since that date there has been from time
to time further legislation, which, while it has afforded greater facilities to those
who are willing to send their children to the Board Schools, has brought more
compulsion to bear upon those who are not. The age of compulsory attend-
ance is from three to fifteen years. Making allowance for changes due to other
causes that can be fairly well ascertained, there has been since 1870 in London
and in the provinces (including Wales) a greater increase in the mortality (per
million living) at the age-period three to fifteen than was to be expected, com-
parison being made with the age-periods under three and over fifteen, and with
the years immediately preceding 1870. The other fact is that since the compulsory
notification of diseases was introduced into London there has been a marked fall

in the already rising notifications at the age-period three to fifteen soon after the
commencement of the summer holiday (four weeks) of the School Board, the fall

continuing till shortly after the reopening of the schools at the end of the
holidays, when the notifications rise again. But the question is not absolutely
settled. According to Newsholme, in certain of the large continental cities where
compulsory school attendance has been in force for many years, it seems to have
had no great influence one way or the other upon the prevalence of diphtheria.

Newsholme, however, is dealing with the mortality of diphtheria for all ages.

What is required is a comparison of the mortality for the school ages with that
for other ages. According to Murphy, the figures for Berlin, as far as they go,

tell the same story as those for London.

Clinical History.—The incubation period is from twelve hours to

four days.

Though any of the mucous membranes may be the seat of the disease,

yet in the vast majority of cases the fauces alone are affected. Next to

the faucial the nasal and laryngeal forms are the most common. The con-

junctiva, genital organs, and cutaneous wounds are rarely affected; still

more rarely the oesophagus, ear, stomach, urethra, and bladder.

Faucial diphtheria is very insidious in its onset. Such striking symptoms
as frequent vomiting or a rigor are rare. The patient, usually a child, is

observed to look ill and refuses his food. The cervical glands may be en-

larged, and the parents perhaps think the child has mumps. If on this

sign of illness the temperature be taken, it will be found to be raised (101°

to 105° F.). The pulse-rate is slightly accelerated. On inspection of the

fauces, the tonsils are seen to be slightly swollen and covered with a glazy

film. In adults, and sometimes in chifdren, sore throat is the first symptom.
The subsequent course of the attack varies. In a fatal case, untreated or

treated too late with antitoxin, it is as follows : The glazy film becomes a

definite yellowish exudation of a distinctly membranous character. It

spreads from the tonsils over the soft palate, uvula, and pharynx (very

rarely to the mouth and tongue), often forming a continuous sheet. The
mucous membrane beneath is inflamed and swollen, though only occasionally
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to an extreme degree, and from it a slight oozing of blood takes place. After

five or six days the exudation begins to decompose and separate. It turns

a grayish black colour, and from it a peculiar and very offensive odour is

given off. After separation there is often repeated re-formation of membrane.

In some cases the exudation may have quite disappeared before the fatal issue,

which usually takes place in seven to fourteen days from the onset. Mean-
while, with the extension of the local affection, the lymphatic glands below

and behind the jaw become moderately enlarged and painful. Occasionally

also the skin and subcutaneous tissue of the neck are swollen. The nasal

passages are frequently invaded, and a blood-stained watery discharge con-

stantly trickles from the nostrils, and from time to time membranous casts of

the nasal fossae are expelled. The temperature falls quickly after the initial

rise. Its subsequent course is very irregular. Briefly it may be stated that a

fresh extension of faucial exudation, or the occurrence of adenitis, cellulitis,

or broncho-pneumonia, leads to a rise of temperature, but that during the last

three or four days, after the patient has fallen into the final state of pro-

stration, it is subnormal. The pulse during the first few days is moderately

frequent (100 to 130) and compressible. Then with the increasing heart-

failure it falls in rate, and the tension becomes lower. In most cases there

is albuminuria. The constitutional symptoms are those due to progr

cardiac failure, increasing pallor and prostration, diminished flow of urine,

and frequent vomiting. Towards the end the patient is drowsy, but restless.

The mind is quite clear, and delirium is exceptional. Death is due to

syncope, and is often attended by a slight convulsion.

In non-fatal cases the symptoms differ only in degree from those just

described. As a rule the severity of the constitutional symptoms depends

upon the extent of the local lesion, which varies greatly. In the very

mildest forms there will be two or three small patches of exudation limited

to one or both tonsils. In cases not so slight there are numerous patches

on the tonsils, uvula, and palate. The exudation is not necessarily mem-
branous, but may be cheesy, pultaceous, or gelatinous. It may commence at

one spot or simultaneously at many. But the favourite place of origin is

one of the tonsils. Occasionally it begins in the tonsillar crypts. In mild
cases it remains limited, and lasts but a short time. In such cases there

may be no constitutional symptoms.
Nasal diphtheria is most commonly found accompanying the faucial

and laryngeal varieties. But the disease may remain limited to the nasal

passages. There is a discharge, at first watery, afterwards muco-purulent,
and occasionally blood-stained ; often it is offensive and excoriates the

nostrils and lip. The nose is more or less blocked, and casts of the nasal

passages may be shed. The constitutional symptoms are rarely severe.

The discharge is often chronic.

Laryngeal diphtheria is in the large majority of cases secondary to

the faucial form. It occurs in from 11 to 15 per cent of all cases of

clinical diphtheria, and arises within a week from the onset of the primary
affection. It is quite the exception for diphtheria to start in the larynx.

But inasmuch as the larynx may, and often does, become involved in very
slight cases of the faucial disease, the symptoms due to its invasion may be
the first signs of the illness of the patient. The symptoms are those of

laryngeal obstruction ; aphonia, stridor, a frequent harsh cough, and recession

of the chest-walls. Any one of these symptoms may occur earlier, or be
more prominent than the others. At intervals of a few hours there are in

some cases attacks of urgent dyspnoea, in which the patient becomes much
distressed and cyanosed. These attacks, which arise and pass off suddenly,



DIPHTHEEIA 7

are usually due to spasm of the laryngeal sphincter. They may, however,
be due to temporary blocking of the larynx by a piece of loose mem-
brane. If the diphtherial process spreads to the trachea and bronchial
tubes there is advancing and permanent dyspnoea and lividity, and the
patient dies of suffocation. On the other hand, it is not at all infrequent,
even amongst cases not treated with antitoxin, for the progress of the
disease to be arrested at the larynx, and the patient to recover without
any urgent symptoms of laryngeal obstruction. In a few cases casts of
the larynx, trachea, and bronchi may be coughed up. Lastly, it must be
remembered that the larynx and respiratory tract below may be invaded
without there being any symptoms to point to such an event. This masked
form of the disease is especially met with in very severe cases of faucial

diphtheria, the laryngeal being obscured by the extreme severity of the
other symptoms. But it may also be observed in less severe cases amongst
adult patients. In them the width of the respiratory tract allows of the
formation of membrane without interference with respiration, and it is not
until the bronchioles become blocked that dyspnoea arises. In these cases,

however, there is usually aphonia, which is therefore an extremely grave
symptom in diphtheria of adults.

In rare cases there is expectoration of casts of the trachea and bronchi,

with absence of any such signs as characterise obstruction of the larynx
or the respiratory tract below it.

In diphtheria of the conjunctiva, membrane forms upon the palpebral,

rarely upon the ocular conjunctiva. The eyelids are swollen. The cornea
may become inflamed and ulcerated

;
perforation may result, leading to pan-

ophthalmitis (vide " Conjunctiva "). In vulval diphtheria the labia minora
and the inner surfaces of the labia majora are covered with ashy gray
membrane, which may spread into the vagina. There is intense inflamma-
tion of the external genitalia and swelling of the neighbouring lymphatic
glands. The constitutional symptoms are severe, and are similar to those

present in the faucial form.

Diphtheria of other mucous membranes is rare.

Wound diphtheria occurs in two forms. In one the membranous
exudation appears upon a previously existing wound ; in the other the

wound is caused by accidental inoculation with the diphtheria bacillus.

A small chronic abscess is the result.

In severe cases of diphtheria, especially of the faucial variety, the local

exudation may persist for three or four weeks. In rare cases of the faucial,

nasal, and laryngeal forms the local affection may be of much longer dura-

tion, two to six months. Such cases are termed prolonged diphtheria. They
commence in the same manner as do the ordinary cases. The larynx may
become involved after the faucial affection has lasted some weeks. Except
in the nasal form a fatal termination is common.

Associated Symptoms.—A few words are required concerning certain

symptoms and conditions more or less common in the severer forms of

diphtheria. Albuminuria is found in from 50 to 75 per cent of the

cases. It may appear at any time during the first three weeks, some-
times later. Most commonly it is observed about the fourth day. Its

duration and amount are very variable. Its presence is of importance as

roughly indicating the extent to which the absorption of the diphtherial

toxins has been carried. The more persistent the albuminuria, and the

greater the quantity of albumin, the more severe is the case, and the more
likely is paralysis or cardiac irregularity to follow. Except iu one other

particular, the condition of the urine does not deviate from the normal.
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We refer to the diminution of the daily quantity. In most severe cases

this occurs to a certain extent ; but there may be complete suppression of
urine. Usually this condition comes on about the sixth or seventh day.

With it there are frequent vomiting, algidity, and cardiac failure. Death
occurs after two to four days of total suppression. Occasionally fatal sup-

pression arises in patients who appear to be recovering from the attack of

diphtheria.

Hcemorrhagic diphtheria.—In some severe cases after a few days' illness

cutaneous and subcutaneous haemorrhages appear, together with a constant
oozing of blood from the nose, pharynx and gums, haeniateniesis and melsena.

These cases are almost invariably fatal. Haemorrhages are found post-

mortem in the retropharyngeal and peritoneal tissues, beneath the pleurte

and mucous membrane of the stomach, and into the lungs, cardiac and
voluntary muscles. In rare cases a purpuric condition arises during the
period of convalescence.

During the acute stage of diphtheria there is a marked increase in the
number of leucocytes in the blood. This condition disappears during
convalescence.

Complications.—With the exception of paralysis and certain cardiac

complications, these usually arise during the period of the local affection.

The most common are otitis media (in about 7 per cent of all the c

lobular pneumonia (3 per cent, especially in laryngeal diphtheria), and
cervical adenitis, cellulitis, and abscess. Lobar pneumonia, nephritis, con-
vulsions, endocarditis, venous and cardiac thrombosis, embolism, pycemia, and
erythematous rashes are rarely met with. Though the local exudation
usually clears off without leaving any loss of tissue, yet occasionally

sloughing and ulceration result, and may lead to septiccemia.

The most important and striking complication, or more frequently
sequel, of diphtheria is paralysis. The proportion of cases in which it

occurs varies. At the Eastern Hospital during 1892 and 1893, before the
introduction of the antitoxin treatment, it developed in about 18 per cent
of those patients who survived the acute stage of the disease, and in 12 per
cent of all cases. It occurs more frequently, relatively as well as absolutely,
in children than in adults ; it is more often observed to follow a severe than
a mild attack of diphtheria ; and though it may succeed any form of the
disease, yet it is met with more frequently after the faucial variety.

Paralysis usually sets in during the second, third, or fourth week from
the commencement of the attack of diphtheria, but it may arise as early as
the fifth day, or as late as the twelfth week. The first symptom is com-
monly a nasal voice, or a regurgitation of liquid through "the nose during
the act of drinking. The soft palate will be found to be motionless, and its

sensation and reflex impaired or lost. Often the paralysis remains Limited
to the palate, but it may progress to a greater or less extent, various muscles
or groups of muscles becoming affected in a sequence more or less regular.
The ciliary muscles are involved early, and the patient is unable to define
near objects clearly. Then the gait becomes unsteady and the lower
extremities weak. Strabismus and other signs of ocular paralysis are
observed

;
and, lastly, the muscles of the neck, trunk, upper extremities, and

respiration being effected, the paralysis becomes generalised, and the patient
is helpless.

The frequency with which the different groups of muscles are involved may be
gathered from the following figures. Of 125 consecutive cases of paralysis
analysed by the writer (see Brain, 1895), in 102 the palate was affected ; in 56
the ciliary muscles ; in 52 the lower extremities ; in 26 the external ocular
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muscles ; in 21 the upper extremities ; in 14 the larynx ; and in 10 the diaphragm.
In 19 cases difficulty in swallowing was present ; but this number is probably too

small, because many patients are placed on nasal feeding at an early stage of the

disease, so that paralysis of the pharyngeal muscles occurring subsequently

escapes notice. It is rare for the sphincters of the bladder or rectum to be in-

volved. Occasionally there is weakness of the oral muscles, but marked facial

paralysis is exceptional. Paralysis of the tongue is very rare.

Frequently the paralysis remains limited ; this was the case in 66 of the 125

cases (52 "8 per cent). In 28 it was confined to the palate ; in 17 to the ciliary

muscles ; in 11 to the palate and ciliary muscles ; in 6 to the palate and legs; in

3 to the palate and ocular muscles ; and in 1 to the respiratory muscles.

Of the extrinsic muscles of the eye the external recti (usually the left) are most
often affected. Complete ophthalmoplegia is rare. The reactions of the pupils

become sluggish, but are seldom abolished. In laryngeal paralysis most commonly
all the muscles are involved, so that there is aphonia and a toneless, ineffectual

cough. Abductor paralysis is exceptional.

The loss of muscular function is rarely complete, even in the most severe and
generalised cases. There is paresis rather than paralysis. Sensation may also be

impaired. Adults will complain of tingling or numbness of the tongue, fingers,

and toes. Careful testing will then usually elicit impairment of common sensa-

tion. The special senses are very rarely affected. Optic neuritis and atrophy do
not occur. The knee-jerks are as a rule abolished. Indeed it is not uncommon to

find them absent in cases of diphtheria before paralysis has set in, and even in

cases where there is never paralysis at any time. It may be months before they

are restored. Occasionally a stage of exaggeration precedes their disappearance.

The superficial reflexes remain in all but the most severe cases.^ In the generalised

form there is much wasting. The electrical reactions are diminished ; but the

reaction of degeneration is uncommon.
Disturbance of the circulation was met with in 29 of the 125 cases. The

heart's action is increased in frequency and is irregular. Occasionally there are

more severe symptoms such as are mentioned below under cardiac complications.

In 4 cases, in all of which there was paresis of the respiratory muscles, there

was respiratory irregularity of the nature of " Cheyne-Stokes breathing." In rare

instances sudden attacks of dyspnoea occur (respiratory crises).

Thirteen of the 125 cases (10-4 per cent) died of paralysis or its effects ; 6 of

these were fatal from cardiac failure ; 4 from respiratory paralysis ; 2 from per-

sistent vomiting and cardiac failure ; and 1 from convulsions. When there is

respiratory paralysis there is great risk of suffocation from accumulation of mucus

in the lungs. In paralysis of the pharynx and larynx the patient may be choked

by entrance of food into the larynx if care in feeding be not exercised.

In severe generalised cases the patient becomes very apathetic, and appears not

to notice what is taking place around him. The saliva accumulates and dribbles

from the mouth or, unless the head be lowered, trickles into the larynx. Mus-

cular twitchings, especially of the face, are sometimes observed.

The duration of an attack of paralysis varies from a few days to ten or twelve

weeks, chiefly according to the extent of the paralysis. When once the patient

begins to improve, recovery, which is always complete, progresses quickly. I here

does not appear to be any relation between the severity of the paralysis and the

interval of time that elapses between the attack of diphtheria and the onset of

paralysis. But in generalised cases the more rapidly the paralysis spreads the

more likely is the issue to be fatal.

The introduction of the antitoxin treatment has had a marked effect upon the

incidence of paralysis. On the whole this has been increased, probably because a

larger number of severe cases are tided over the acute stage of the attack ot

diphtheria. Indeed, this increased incidence has taken place entirely in those

cases brought under the treatment at a late stage. Amongst cases treated early

the incidence has diminished very considerably. According to Woollacott (Lancet,

26th August 1899) large doses of antitoxin (4000 units and upwards) are probably

more effective than small in preventing paralysis and lowering its mortality.

The much and rightly dreaded cardiac complications are usually met

with from the end of the first to the fifth or sixth week ; but in paralytic

cases they may arise later. The most common is dilatation, which leads to

irregularity and attacks of syncope. When acute, the dilatation is accom-

panied by vomiting and severe epigastric pain. Irregular rhythm, tachy-
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and bradycardia may also occur with, but also independently of, dilatation.

All these conditions are very grave ; apart from a fatal issue they are apt to

persist for a considerable time in spite of careful treatment.

Ancemia is a frequent sequel of an attack of diphtheria.

A marked relapse occurs in about 1 per cent of the cases. As a rule

it is not so severe as the primary attack. Secondary attacks of sore throat,

not clinically diphtheria, are still more common. Probably they are of tin;

nature of relapses. Second attacks, occurring after several months or years,

are not uncommon. It is rjrobable that an attack of diphtheria confers

little, if any, lasting 'protection against another attack.

Morbid Anatomy and Pathology.—The essential cause of diphtheria is a
bacillus, often called, after its discoverers, the Klebs-Loeffler bacillus. This organism,
either itself exciting an inflammation of a mucous surface or cutaneous wound, or,

less frequently, becoming active in an inflammation previously set up by some other
agent, gives rise to an exudation which in the majority of cases is distinctly

membranous. Membrane.—To some mucous surfaces, especially that of the fauces,

this membrane is very closely adherent. Consequently, it is with difficulty

separated therefrom, and its removal is often attended with bleeding. But to the
mucous surface of the nasal fossae, larynx, trachea and bronchi, it is as a rule mncfa
less closely attached. When the membrane has separated naturally, breaches of
the underlying structure are left which are usually slight, though occasionally
they are both deep and extensive. Microscopically the false membrane consists
of a hyaline fibrinous matrix, having either a granular or fibrillated appearance,
in which a leucocyte can here and there be seen. It may also be distinctly
laminated. When it is closely adherent to the mucous membrane, the latter is

more or less deeply infiltrated with fibrin and leucocytes, and its epithelium is

necrosed and incorporated with the false membrane. Beneath the infiltrated

layer the tissues exhibit the appearances of inflammation. Miero-orgamumi
present—The diphtheria bacilli are found upon the surface of the false membrane,
usually in a continuous layer. Occasionally they penetrate as deeply as the
mucous membrane. Other micro-organisms are also present, especially strepto-
and staphylococci, and they may be found invading the adjoining mucous
membrane. Exceptionally the Klebs-Loeffler bacilli are found in the lymphatic
glands, spleen, lungs and other organs, and also in the blood. Probably this
general invasion of the body takes place shortly before death, when all resistance
to the entrance of the bacilli has been overcome.

G7-OSS ]iatholo(/ical changes.—In most cases an autopsy reveals to the unaided
eye little beyond the local lesions. The skin, heart-muscle, and kidneys may
be unusually pale. The cervical and occasionally other lymphatic glands are
inflamed. Microscopically the heart-muscle is found to have undergone a fatty
degeneration more or less extensive. Sometimes also there is a similar change
in the renal epithelium ; but the lesions of nephritis are rare. In cases fatal
during paralysis there is degeneration of the affected nerves. These changes are
found mostly in the peripheral nerves. There is a breaking up and disappearance of
the white substance of Schwann, followed by a degeneration of the axis-cylinder.

The Bacillus.—The bacillus of diphtheria is a rod-shaped, non-motile, poly-
morphous organism. It varies in length from about 1'5 to 6 ft. Often its
protoplasm does not stain uniformly, and hence the bacilli have a beaded appear-
ance. The longer forms are frequently clubbed at one end, and slightly curved.
The shorter forms may be wedge-shaped. Usually the bacilli are irregularly
grouped together ; but they may, especially the shorter forms, be arranged in
pairs, and groups may be seen of several pairs disposed parallel to one another.
They do not form spores. They can be artificially cultivated in various media.
Their size and appearance depend considerably upon the medium and method of
cultivation. There is another bacillus met with in cases of diphtheria, as well as
in other throat affections. It is a short, wedge-shaped, non-motile bacillus. The
bacilli are arranged in groups of parallel pairs, the pairs having their bases in
apposition. When stained it does not present a beaded appearance. This
microbe does not vary with its culture medium to such a degree as the diphtheria
bacillus. It is not pathogenic to animals. When grown in neutral broth it

renders the medium alkaline from the first, whereas the diphtheria bacillus renders
it firstly acid and then alkaline. This bacillus has been called Hoffmann's, the
short diphtheria, and the pseudo-diphtheria bacillus.
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Bacteriological Investigation.—A bacteriological examination for diagnostic pur-
poses is made as follows :—With a sterilised cotton-wool swab, a loop of platinum
wire, or, better still, the flattened end of a platinum rod, a small portion is

removed from the edge of the exudation ; or if none be present a scraping is made
of the mucous surface. The swab or rod is then smeared slightly over the surface
of sterilised blood-serum in a test-tube. The tube is placed in an incubator at
37° C. Colonies of diphtheria or of Hoffmann's bacilli can be seen in twelve to
twenty-four hours as an opaque white streak or discrete points. Growths due to
other organisms appear later, and are usually either transparent or not white.
Occasionally, however, colonies resembling those of the diphtheria bacillus are
produced by other organisms, so that no reliance as to the nature of the growth
can be placed upon a naked-eye examination. As soon as is convenient after the
growth has become visible, it should be microscopically examined. The bacilli

may be stained by Gram's method, or with a solution of carbolic methylene blue,

or other aniline dyes.

Inoculation Effects.—The causa causans of diphtheria is the Klebs-Loeffler
bacillus. It can be cultivated from the exudation in the vast majority of cases

that are clinically diphtheria. When inoculated upon the mucous membranes of

certain animals {e.g. guinea-pigs) it sets up an inflammation which may be mem-
branous. When inoculated subcutaneously a local exudation results, around
which there is extensive oedema. Necrosis of the tissues follows, and the animal
wastes and dies in a few days. After death pleurisy, broncho-pneumonia,
haemorrhage into the adrenal bodies, and degeneration of nerves and muscles are
found. In cases where death is delayed beyond four or five days the animal has
paralysis of the extremities. If the diphtheria bacillus is grown in broth under
certain conditions, it produces in the broth bodies which by filtration can be freed

from bacilli. These bodies, according to Sidney Martin, consist chiefly of albumoses,
with an organic acid. Toxin.—Collectively these bodies may be included under
the term diphtheria-toxin. When the toxin is injected into a rabbit or guinea-
pig it gives rise to, amongst other symptoms, paralysis of the extremities and
trunk. Microscopically there are degenerative changes in the nerves and muscles
similar to those found in human beings who have died of diphtherial paralysis.

From the blood and tissues (especially the spleen) of patients who have died of

diphtheria similar toxic bodies can be extracted. It has already been stated that
the diphtheria bacillus is as a rule confined to the local exudation. Hence the
inference from the experimental evidence is that the bacillus manufactures toxic

products locally, and these being absorbed into the system give rise to the de-

generative changes so commonly met with. Martin, however, believes that the
bacilli produce locally a ferment, which, being absorbed, acts on the proteids of

the tissues and gives rise to the poisonous albumoses.
Problems in the Pathology of the Disease.—There are three points concerning the

pathology of diphtheria which are worthy of notice, (i.) With respect to the accejrt-

ance of the Klebs-Loeffler bacillus as the essential cause of diphtheria, it proves a

stumbling-block to some persons that it is occasionally found not only in morbid
conditions of the fauces and mouth other than diphtheria, but also in healthy
throats. Therefore, they say, this bacillus cannot be the cause of diphtheria.

To agree with these objectors, however, one would have to ignore absolutely the

whole of the experimental evidence in its favour, which is not only exceedingly
strong in itself, but has directly led up to the most successful method of treating

the disease hitherto discovered. In order to its development the bacillus doubtless

requires the influence of one or more favourable conditions, without which it

possibly will not manifest any pathogenic action whatsoever. But on the other

hand, let all these conditions be present without the bacillus, and there will be no
diphtheria.

(ii.) Another question of interest relates to the variation in virulence of the bacillus.

The study of epidemic diphtheria points to the conclusion that the variation may
be extreme, and that in the course of an epidemic it may be exalted from a low
to a high degree of malignancy and vice versa. Roux and Yersin succeeded in

attenuating the virulence of the bacillus by cultivating it in broth for a month at

a temperature of 39'5° C They were unable to restore the virulence when it had
been completely destroyed ; but when the virulence was only partially lost it

could be regained by injecting into animals the streptococcus erysipelatis along
vrith the attenuated bacilli. It has been suggested by more than one bacteriologist

that Hoffmann's bacillus is an attenuated form of the Klebs-Loeffler organism.
But no convincing evidence of this suggestion has hitherto been brought forward.

In order to prove that the former has really been converted into the latter
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organism it is required that from the broth in which subcultures of the changed
bacillus have been grown the characteristic toxin of diphtheria shall be extracted,

a toxin not only capable of bringing about the nerve and muscle degeneration

already described, but also neutralisable by the diphtheria antitoxin. And this

has not yet been accomplished.
(iii.) Lastly, it must be mentioned that some authorities, especially the French,

believe that the strepto- and staphylococci and other organisms so commonly
found in the local exudation in a case of diphtheria have no small share in the

pathology of the disease. They state not only that to these organisms are due
such complications as adenitis, cellulitis, suppuration, and so forth, but also that

the virulence of the diphtheria bacilli is heightened by their presence. Hence
they speak of "pure" and "associated" diphtheria; meaning by "pure" cases

those in which a pure cultivation of the specific organism is obtained from the

exudation, and by "associated" cases those in which the diphtheria bacilli are

associated in the cultivation with a large number of other bacteria. While the

writer shares this view in so far as to agree that in some cases certain of the
complications mentioned can be attributed to the associated organisms, he cannot
subscribe to the belief that they are all so caused ; nor is he of the opinion that the
"associated" is necessarily graver than the " pure " form. In his experience the
clinical results of the antitoxin treatment are quite against this view. By merely
examining a growth on serum or a slide under the microscope no knowledge is to

be gained as to the severity of any given case.

Diagnosis.—Since in faucial diphtheria in its earliest stage, and in

many cases at a later period also, the exudation is slight and not

membranous, and constitutional symptoms may be absent, it is easy to

understand how difficult it is to distinguish the disease from other forms of

sore throat, more especially simple and follicular tonsillitis. Every case of

this kind should indeed be regarded with suspicion, and forthwith isolated

and injected with antitoxin. A bacteriological examination should at the

same time be made, and in the absence of any definite clinical symptoms
the diagnosis should rest upon the result of this examination. It should,

however, be borne in mind that one negative result is not sufficient upon
which to pronounce an opinion that the case is not one of diphtheria. Of
the two forms of tonsillitis above mentioned diphtheria assumes the simple

more often than the follicular. Besides these the affections most commonly
taken for diphtheria are simple ulceration of the tonsil, catarrhal inflam-
mation of the fauces, and scarlet fever with angina. The very existence

of ulceration (unless very superficial) is against diphtheria. In catarrhal

sore throat the tonsils and the whole of the mucous membrane of the fauces

are slightly swollen, and at first dry. Later there is an excess of mucous
secretion. Often the inflammation extends to the nasal passages (producing

a discharge at first thin and watery, afterwards muco-purulent), larynx
and trachea (giving rise to hoarse cough and pain in the chest, rarely to

urgent dyspnoea). There may be slight pyrexia, and the patient feels chilly

and out of sorts. The condition is not infrequently met with in influenza.

Scarlet fever is often diagnosed as diphtheria ; much less often is the

latter affection mistaken for the former. The error arises, firstly, through
the observer being unavoidably compelled to make a diagnosis before the

appearance of the rash ; secondly, through the omission to look for a rash :

and thirdly, through the absence of a rash. The onset of scarlet fever is

usually accompanied by vomiting, which is not the rule in diphtheria. A
high temperature, delirium, and marked swelling, with vivid redness of the

fauces generally, are in favour of scarlet fever. But it is often impossible

to distinguish a mild case of scarlet fever before the appearance of the rash

from one of diphtheria. The rash may be absent or insignificant and
transient not only in very slight cases of scarlet fever, but in a few severe

cases with serious angina. These cases are a source of much trouble in
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diagnosis, for not infrequently there is thick pultaceous or even membranous
exudation upon the fauces. In such cases the diagnosis cannot be made
with certainty till a late period, when the exudation has cleared off, leaving

behind deep or extensive ulceration, or until the characteristic desquamation

has commenced. Anything beyond superficial ulceration is uncommon in

diphtheria. In the cases of scarlet fever to which we are referring, suspicion

is often roused before ulceration or gangrene has occurred by the irregular

but continuous pyrexia (often with delirium), the persistence of the exuda-

tion (the more remarkable if antitoxin has been administered under the

supposition of diphtheria), and the rapid emaciation of the patient. The
larynx is rarely affected in scarlet fever ; when this event does happen it is

either secondary to intense cervical cellulitis, or it occurs later in cases

where there is extensive and spreading faucial ulceration.

The writer has also known diphtheria to be mistaken for the following

conditions :—Erysipelas faucium, quinsy, enteric fever, mumps, ulcerative

stomatitis, thrush, syphilis (usually tertiary ulceration), tuberculous ulcera-

tion of the fauces, herpes of the palate, phagedsena of the fauces (a rare

disease), and not seldom, especially in infants, dried mucus and clotted milk

adhering to the fauces. "With respect to erysipelas faucium and quinsy the

mistake is usually caused by the presence of exudation having the appearance

of membrane. But in each of these diseases the initial shivering, high

temperature, delirium, full and bounding pulse and intense swelling, brawny
in the case of erysipelas, followed by suppuration in quinsy, constitute a

group of symptoms very different from those of diphtheria. In enteric

fever the error is usually made in cases ushered in with tonsillitis, but it

may be due to mistaking inspissated mucus, clotted milk, etc., for membrane.

In some rare cases of mumps the cervical glands only are inflamed, and not

the salivary glands ; but in this disease the fauces are unaffected. Careful

attention to the exact nature of the local lesions will prevent mistakes in

the other diseases mentioned above. It has been incidentally stated that

false membrane may be present in other diseases besides diphtheria (e.g.

scarlet fever). It is known also that local irritation of a mucous surface by
certain chemicals and by steam may excite a membranous inflammation.

Other micro-organisms than the diphtheria bacillus may produce a similar

result. But without careful bacteriological examinations it is impossible

to distinguish these conditions, and, apart from such examinations, it is

prudent to consider all membranous inflammation of the fauces to be

diphtherial. The same remark is true of membranous laryngitis. In most

cases of laryngeal diphtheria there is no difficulty with regard to diagnosis,

since it follows or accompanies the faucial form of the disease. But when
the affection commences in the larynx, or the faucial lesion is slight and

transient, it is not easy to distinguish diphtherial croup from croup due to

other causes. In some patients it is possible to obtain a view of the larynx

with the laryngoscope. But this means is not always available, and it is

useful to know that in most children the epiglottis can be brought into

direct view for a moment by depressing the posterior part of the tongue

;

as the epiglottis is often affected in laryngeal diphtheria, membrane may in

some instances be thus observed upon its tip or anterior surface. In other

cases membrane may be coughed up. In all doubtful cases a bacteriological

examination should be made, a scraping of the mucous membrane being

taken as near the larynx as possible. Any affections causing laryngeal

obstruction may be mistaken for diphtheria. But simple laryngitis,

membranous laryngitis and swellings external to the larynx give rise to

most trouble in this respect. Of the latter, those which by bulging over
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the laryngeal orifice impede respiration are the most common, namely, in

children (in whom the question of diagnosis from diphtheria chiefly arises),

post-pharyngeal abscess, growths, and excessive hypertrophy of the tonsils.

A careful local examination will usually clear up the case. Less commonly
cases of a foreign body in the larynx, laryngismus stridulus, and ulceration of

the larynx (especially the simple and the tuberculous) are wrongly diagnosed

as diphtheria, while still more rarely croup due to paralysis of the abductors

of the vocal cords, intra-laryngeal growths or oedema glottidis are thus

mistaken. The history of a doubtful case should be carefully gone into ; it

will be observed that many of the diseases mentioned above run a course

which is chronic compared with the duration of a case of diphtheria. It

should be remembered that laryngitis may be the first symptom of an

attack of measles. There is then usually a high temperature and frequent

coughing and sneezing, with sometimes conjunctivitis and coryza.

The diagnosis of nasal diphtheria must often depend upon a bacterio-

logical examination, since in many cases there is an absence of membrane.

Vulval diphtheria may be simulated by erysipelas and noma vulvae.

Diphtherial paralysis in cases where the primary sore throat has been

slight or overlooked may be mistaken for some other form of peripheral

nerve degeneration or neuritis, locomotor ataxia, or cerebellar tumour. But
in the paralysis following diphtheria the soil palate is nearly always, and
ciliary muscles are frequently affected, there is rarely vomiting (apart from

cardiac complications), and* there is never optic neuritis or atrophy. On
the other hand there is often some disturbance of the cardiac and respiratory

rhythm.
Prognosis.—The most important factors in prognosis are the age of the

patient, the locality of the disease, and very often the duration of the

disease before medical advice has been sought.

"With respect to age the younger the patient the greater the probability

of a fatal termination. As to locality those cases are most fatal in which

the larynx is involved. Cases in which the nasal passages only are affected

are the least fatal. In laryngeal diphtheria the gravest apprehension is to

be entertained in very young children on the one hand and adults on the

other. Vulval diphtheria is usually accompanied by severe constitutional

symptoms. In ocular diphtheria the chief risk is to the eyeball.

The previous duration of the disease before medical advice has been

taken has greater effect upon the prognosis in cases treated with antitoxin

than in those not. The earlier the patient is injected with serum the more
confidently can not only recovery, but recovery without the occurrence of

serious complications, especially paralysis, be anticipated. Of particular

symptoms the following are very ominous :—Frequent vomiting or retching,

a pulse-rate falling to below 50 per minute, marked cardiac irregularity,

haemorrhages from mucous membranes and, even though few, into the skin

and subcutaneous tissue, suppression of urine, convulsions.

Those cases in which there is extensive and persistent local exudation,

with much albuminuria, furnish the most severe cases of paralysis. The
more widely spread the paralysis, and the more rapidly it becomes generalised,

the greater is the danger to life. Affection of the respiratory muscles is

especially dangerous. Attacks of syncope, frequent vomiting and severe

epigastric pain occurring during the course of paralysis are all grave

symptoms. In non-fatal cases of paralysis recovery is always complete.
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Treatment

By far the most satisfactory method is that known as the antitoxin

treatment, which we owe chiefly to Behring and Kitasato. Hence we shall

deal with it first. But before entering into details a few facts indicative of

its value will not be out of place.

The treatment was tried in the first instance in Germany in 1893 ; but
not until after Boux's paper at the Hygienic Congress held at Buda-Pesth
in September 1894 was it extensively practised in other countries. Since

that date there has come from all parts of the world an almost unanimous
agreement of opinion in its favour. The results of the first series of cases

treated in the United Kingdom were brought before the Clinical Society of

London in December 1894 by Dr. "Washbourn, Mr. Card, and the writer.

They showed that the mortality of the cases in the Eastern Hospital,

Homerton, of the Metropolitan Asylums Board, was at once reduced to

half what it had previously been, and reported most favourably upon the

treatment, an opinion which was fully endorsed by a Special Committee of

the Clinical Society. The treatment was subsequently introduced into

other hospitals, notably those of the Asylums Board. The following figures

show with what results :

—

Case-Mortality of Diphtheria in the Hospitals of the
Metropolitan Asylums Board

Year .... 1892 1893 1894 1895 1896 1897 1898

Mortality per cent .
29-5 30-4 29-2 22-5 21-2 17-6 15-5

Percentage ofcasestreated \
with antitoxin /

61-8 66-2 80-2 81-4

That these results are not accidental may be shown in more than one way.
For instance, in London, up to the end of 1897 at any rate, antitoxin was used

but little outside the Asylums Board Hospitals. Consequently there was very

little lowering of the mortality of cases not admitted to those Hospitals. Again,

there has been a very marked improvement in the laryngeal cases, among which
the number included merely upon bacteriological evidence is very small. The
writer has elsewhere shown that whereas in the preantitoxin days there was
small expectation of saving more than 29 per cent of the tracheotomies, with
antitoxin recovery is to be looked for in no fewer than 53 per cent. A similar

improvement has taken place with respect to the cases not operated upon.

Clinically the beneficial results of antitoxin appear as follows : the exudation does

not spread or re-form, that which is already present clears off more quickly than

in the cases not submitted to antitoxin, and the foul nasal discharge rapidly dries

up. Consequently the patient is enabled to breathe and swallow with comfort,

and his general condition improves. The cervical adenitis and cellulitis subside,

and the temperature and pulse-rate fall. It is rare for the larynx to become
invaded after antitoxin has been injected, so that extension of membrane to the

lungs is very much less common than it used to be. Fatal broncho-pneumonia is

also less frequent. Lastly, in cases treated early, on the first or second day,

paralysis is much less likely to follow than in cases treated later or without

antitoxin.
Basis of the Antitoxic Treatment.—The antitoxic treatment is based upon the

following facts. It has been experimentally proved in a general way that the

blood-serum of an animal immunised against a certain micro-organism and its

toxin has the remarkable property of acting as an antidote to both the micro-

organism and the toxin. There are several methods of producing artificial

immunity. One of them consists in injecting into an animal at intervals of a

few days gradually increasing doses of the toxin produced by the growth in broth
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of the organism immunity to which is sought. After a time it will be found not

only that the animal is able to bear without ill effects the injection both of the

living organism itself and of its toxin in large and otherwise fatal doses, but also

that its blood-serum has antidotal properties. If a sufficient quantity of the

serum be mixed with a fatal dose of the toxin and the mixture be injected

into a non-immunised susceptible animal, the latter will not suffer from any of

the ill effects that would follow the injection of the toxin alone. The special

application of these general principles has been rewarded with most success

in the case of diphtheria. In order to produce the antidotal or antitoxic serum
the horse is the animal selected, partly because its size allows a large yield of

serum, and partly because it bears well the process of immunisation. The serum
having been obtained, the next step is to estimate its antitoxic value.

Formerly this was ascertained by testing the serum with broth containing

toxin, it being assumed that amounts of different broths that were equal in their

toxicity were also equal in their power of combining with antitoxin to form a

harmless compound. But Ehrlich has shown that this is not the case. He states

that all freshly-prepared broths contain not only toxin, but also a body termed by
him toxone, which, while it has the combining, is largely wanting in the toxic

power of toxin. Further, when the broth is kept for some time, part of the toxin

becomes changed into bodies which have properties similar to those possessed by
toxone, and which are termed toxoids. Hence it follows that not only do different

broths vary from one another, but also that the same broth varies from time to

time with respect to the relative proportion of its toxic and non-toxic combining
powers. The instability of toxin has prevented the production of a standard
toxin for general use. Antitoxin, however, is a much more stable body. By a
series of experiments (which he states can be accurately repeated) Ehrlich believes

he has succeeded in eliminating the errors due to the varying constitution of

toxin-broth, and has thus been able to obtain an antitoxin of uniform strength.

This antitoxin is now used in most laboratories for testing a new serum. It is,

firstly, ascertained what quantity of a toxin produced in the usual way is neutral-

ised by one unit of Ehrlich's standard antitoxin. Secondly, it is determined how
much of the serum, of which the antitoxic value is being tested, will neutralise

this ascertained quantity of toxin. The definition of a " unit" is as follows :

—"A
serum of which 1 c.c. when mixed with 100 times the fatal dose of toxin protects
a guinea-pig of about 250 grammes weight from death within four days, contains
one unit per c.c." Park points out that in this definition toxin must be taken to
mean a toxin "having the characteristics of toxins in culture at the height of
their toxicity."

At the present time sera can be obtained which contain as many as 4000 units
in 5 to 10 c.c.

Before we proceed to discuss the question of the usage of the serum in the human
subject we must draw attention to one very important point in the experimental
evidence. It has been found that if an interval be allowed to elapse between the
injection of the toxin, and subsequently the antitoxin, into a susceptible animal,
then the longer the interval the less effectual will be the action of the antitoxin, and
finally there comes an occasion when the interval has been made too long, and the
antitoxin is injected too late to prevent the lethal effects of the toxin. Hence it was
predicted by Behring that the success of the treatment would be found to depend
very largely upon the earliness of its application. Clinical evidence has amply
borne out this prediction. The following figures, illustrative of this point, are
taken from the Statistical Reports of the Metropolitan Asylums Board :

—

Day of disease upon which patient was ad-"j

mitted (1S94) or brought under antitoxin V

treatment (1895-97) J

1st 2nd 3rd 4th
5th and
later

Non-antitoxin cases 1894 ; all the J -p, .,

hosPitals (Mortality

133
30

22-5

539
146
27-0

652
192
29-4

566
179
31-6

1152
355
30-8

Antitoxin cases, all the hospitals ( Cases

(1895-96); with Brook and] Deaths
Eastern Hospitals only for 1897 (Mortality

209
8

3-8

1126
137
121

1313
275
20-9

1332
376
28-2

2436
780
32-0
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Further, the mortality of the cases of diphtheria occurring among the patients
convalescing from scarlet fever in the Asylums Board's Hospitals has been reduced
from an average of 50 per cent to 5 per cent. Nearly the whole of these cases

are brought under treatment on the first or second day of their illness.

Unfortunately a very large proportion of the patients admitted to the Asylums
Board's Hospitals have been ill longer than three days. What can be done by the
early administration of antitoxin amongst even the poorest patients treated in

their own homes has been shown by the Department of Health for the City of

Chicago. In that city prior to the antitoxic period the average case-mortality in

hospital and private practice was about 35 per cent. In October 1895 the Depart-
ment undertook to supply antitoxin gratuitously to the poor, a medical officer

being sent to administer it immediately upon receipt of the notification of the case.

This action was at once followed by a most extraordinary and gratifying fall in

the case-mortality, which was for the period 5th Oct. 1895 to 31st Dec. 1896, 6*57

per cent ; for 1897, 6'93 ; for 1898, 733 ; and for January and February 1899, 6"53.

Details of Antitoxin Treatment.—Inasmuch as in diphtheria the

disease has already got a start of the remedy, the mortality will probably

never be reduced to zero. But the above and other similar figures go to

show that if antitoxic serum were employed not later than the second day
of the disease the case-mortality would not exceed 10 per cent. Therefore

the cardinal rule in the antitoxic treatment is—Inject early.

If the treatment is commenced on the first day the dose should be 1500

units at least ; it will usually be unnecessary to give more than 2000. But
if it be delayed, the amount must be increased up to 8000 or 10,000 units,

according to the severity of the case. It is advisable to repeat from half to

the whole first dose within twenty-four hours if the local exudation shows

no sign of resolution. With respect to the total amount to be administered,

though as far as the writer knows (and he has often injected from 30,000 to

50,000 units) the limit is set only by the volume of the serum that can with

convenience be injected, yet his experience leads him to say that little is to

be gained by giving more than 16,000 units during the first twenty-four

hours from the commencement of the treatment. But, again, the earlier

the treatment is begun, the less necessity will there be for large and
repeated doses. As the more concentrated sera are more expensive than

the less concentrated, early treatment is more economical.

The serum is administered by injection into the subcutaneous tissue of

the flank or abdomen. The skin at the seat of injection should be previously

washed and cleansed with some antiseptic solution. The most convenient

form of syringe is Boux's. It can be readily taken to pieces and boiled to

render it aseptic ; it does not easily get out of order, and it has an
ingenious device for tightening-up or loosening the india-rubber plunger.

In this country it is unnecessary to have the glass barrel or the piston-rod

graduated, since the serum is given by the unit, and not by the cubic

centimetre or minim. The needle is connected to the nozzle of the syringe

by a piece of rubber tubing. Care should be taken not to inject air with

the serum. All the parts of the syringe should be boiled immediately before

use. After the injection the small puncture made in the skin should be

sealed with collodion. For cleansing the syringe after use cold water should

be employed, for if the syringe be plunged into hot water the needle, tube,

and nozzle will become blocked with coagulated serum, the removal of

which will give much trouble.

After-effects. 1—There are certain effects due to the serum with which it is

necessary to be acquainted. The most common are erythematous rashes,

inflammation of or about joints, and abscess at the seat of injection.

Bashes occur in from 30 to 45 per cent of the cases. The most frequent

1 See "Drug Eruptions."
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are erythema multiforme and urticaria. The rash usually appears seven

to twelve days after the injection, but it may come out as early as the first

day or as late as the third week. In many cases there are also febrile

symptoms. The rash often commences at the seat of injection ; its duration

varies from a few hours to several days. Arthritis and periarthritis occur

in about 6 per cent of the cases. They come on about the same time as the

rash. The knees, hips, shoulders, elbows, and wrists are most often affected,

but any of the joints may be involved. The arthritis lusts from one to four

days. It is usually accompanied by one of the rashes above-mentioned and

pyrexia. Peri- or endocarditis does not occur. In most cases there is no

swelling of the joints, and pain is the only symptom. Very often the pain

is more in the large fasciae and tendons than the joints. An abscess at the

site of injection usually means that the technique of administration has

been faultily performed, provided that the serum be sterile, as it should be.

But possibly in some instances of mixed infection {e.g. diphtheria and Bcarlel

fever) the presence of septic micro-organisms in the blood determines tin*

local suppuration. In very rare cases other sequeke have been met with :

cedema of the scrotum with or without slight orchitis ; and rigors, pyrexia,

rapid pulse, and prostration coming on immediately after an injection,

sometimes with a rash. The cases of rigors, etc., observed by the writer

have all occurred in patients treated a second time with antitoxin in a

relapse or second attack of diphtheria. The rashes and joint-pains, but not

the abscesses (which are caused by cocci), are due to the serum, and not to

the antitoxic principle in it, for they can be produced by the injection of

the serum of a normal non-immunised horse. Their occurrence is deter-

mined partly by the idiosyncrasy of the patient, but mostly by that of the

horse from which the serum has been obtained, for the frequency varies

with different sera. Generally speaking, however, the larger the volume of

serum injected the more likely is a rash or arthritis to occur. Therefore

with concentrated sera these troubles are usually at their minimum. In
most of the cases they are trivial. It is possible that the serum also produces

transient albuminuria, but it does not cause nephritis or suppression of

urine. The writer has indeed on several occasions injected serum into

patients, the subjects of acute or chronic nephritis, without any ill effects.

Serum will remain efficient for several months, but it is advisable not to

keep it for more than a few weeks, as there is reason to believe that in some
instances the antitoxic value becomes lowered. It should be kept in a cool

and dark place. Never keep a bottle of serum which has been uncorked.

Local Treatment.—In addition to antitoxin local treatment is advisable

in most cases, in order to remove the exudation and render clear the

obstructed faucial and nasal passages. For this purpose the affected region*

should be frequently flushed out with warm water, or a saturated solution

of boracic acid, or the following solution : Sodii bicarb. 5j., sodii bibor. 3j.,

sodii chlorid. 5ss., potassii chlorat. 3ss., tinct. lavand. comp. 3j., aq. ad Oj.

The flushing out is best accomplished by means of a Higginson's or a ball

syringe. But if, as is often the case, the child violently resists all attempts
at local irrigation, it is advisable not to persist, for such attempts only

exhaust the patient and do more harm than good. The use of solutions

containing such agents as chlorine, sulphurous or carbolic acid, which act as

irritants to the mucous membranes, are, in the writer's opinion, undesirable,

except in very foul and septic cases.

The best local treatment for ocular, vulval, and cutaneous diphtheria is

frequent irrigations and warm fomentations of boracic acid solution.

When laryngeal symptoms arise, the patient should be placed in a room,
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or, if in a ward, a tent, in which the air is kept saturated with the warm
vapour of water by a steam-kettle. In many cases the symptoms will,

under the antitoxin treatment, subside without any question of operative

interference arising. But should there be cyanosis, restlessness, much
recession of the chest-walls (which leads to pulmonary collapse), or frequently

recurring acute attacks of dyspnoea, relief must be afforded by intubation

or tracheotomy.

Intubation and Tracheotomy.—In this country intubation in diphtheria

has never attained to the favour that has been accorded it in the United
States and on the Continent, where since the introduction of the antitoxin

treatment it has almost superseded tracheotomy. This difference in practice

is very largely due, in the writer's opinion, partly to the fact that abroad

many cases are intubated which here are not operated upon in any way,

and indeed recover without any need for operation, and partly to the fact

that the patients are brought under the antitoxin treatment ab an earlier

stage of the disease than in this country. The advantages urged on behalf

of intubation are that a cutting operation is avoided, together with all the

risks of tracheotomy (emphysema, haemorrhage,broncho-pneumonia, etc.); that

no anaesthetic is required ; that especially if repeated it acts mechanically

in clearing out the larynx by the removal of membrane, and that its results

are more successful than those of tracheotomy. The probable cause of the

last statement is alluded to above. On the other hand, an intubated child

must never be left out of immediate reach of a medical man ; the tube may
be suddenly coughed out, and the urgent symptoms of obstruction recur ; or

the tube may become blocked while in the larynx. The nurse is usually

quite helpless should either of these events happen. The tube sometimes

sets up ulceration of the larynx. Bungling and forcible attempts to intro-

duce the tube will damage the larynx, and cause false passages. The
writer has seen all these accidents except the last. With respect to

difficulty in execution there is little, if any, difference between intuba-

tion and tracheotomy. The writer's experience leads him to formulate

the following propositions :—In a considerable proportion of cases intuba-

tion is either inadmissible or inexpedient. It is admissible in two classes

of case, those in which the patients, when brought for treatment, are in

extremis from suffocation, and those where there is very abundant faucial

membrane. It is inexpedient in toxic cases in which there is little or no

hope of the patient's recovery. Here tracheotomy should be performed to

ease the patient's last moments. Otherwise intubation should be practised.

The intubation tube should be taken out at the end of two days. If it has

then to be replaced it should be taken out at the end of another two days,

and if necessary again replaced. If, at the end of two more days, withdrawal

of the tube still leaves the patient in distress, it is best to tracheotomise. In

cases where the tube is repeatedly coughed out it is not advisable to intu-

bate more than six or seven times. Lastly, if there is evidence of extension

of membrane below the larynx, tracheotomy is to be preferred to intubation.

It is stated by some writers that membrane is coughed up through the

intubation tube ; but the writer has never met with such a case. None of

the cases he has had under observation, in which there was membrane below

the larynx, have done well with intubation, but have come sooner or later

to tracheotomy. In private practice tracheotomy is certainly to be preferred

to intubation ; and the operation should be resorted to earlier than in

hospital practice, where both operator and instruments are at hand for any
emergency. For the details of the two operations, etc., the reader is referred

to the articles dealing with them. {See " Intubation," " Tracheotomy.")
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General Dietetic and Medicinal Treatment.—During the acute stage of

diphtheria the patient should be kept at rest in bed, and he should not be

allowed to get up for some days after the disappearance of the local exuda-

tion, and only then if the circulation is normal and there is no sign of

paralysis. Cases that present symptoms of toxaemia (albuminuria, vomiting,

frequent and irregular pulse, etc.) require most careful watching. Serious

and even fatal attacks of syncope may be induced by allowing a patient to

get up and walk about too soon. Caution has to be exercised in letting

the patient even sit up in bed.

The diet calls for no special remark. It should be such as the patient

can take with comfort, frequently administered in small quantities at a

time. Repeated vomiting at any stage of the disease is best met by rectal

feeding. Alcohol and strychnine are useful in the late but not the early

cardiac failure, more especially in attacks of syncope. The anaemia, too,

often following the disease usually calls for iron in some form. Fresh air

and sunshine are very necessary for rapid convalescence.

At the first sign of paralysis (nasal voice, regurgitation of food throuirh

the nose, etc.) the patient, if up, should be again confined to bed. If after

a week or ten days the palsy remains limited, he may be allowed up again,

but should be warned against or prevented from exerting himself. Any
advance of the paralysis is an indication for further rest. In fact, complete

rest is essential in all cases where the palsy is at all widely spread. In

such cases all excitement {e.g. visits from relations and friends) should

as far as possible be avoided. When the respiratory muscles are affected

the foot of the bed should be raised to allow the bronchial secretion to

escape into the mouth, and to prevent the saliva trickling through

the larynx into the bronchi, otherwise the lungs become blocked to such

a degree as to lead to a fatal result. Extract of belladonna, \ grain every

three or four hours, is recommended in order to diminish the amount of

these secretions. A cough during swallowing is always an indication to

administer nourishment by means of a tube passed through the nose into

the stomach.

Isolation and Disinfection.—The patient suffering from diphtheria should

be isolated. If he is kept at home all precautions should be taken to prevent

the transmission of infection to others. As a rule, he should be kept in

isolation for at least four weeks from the commencement of the illness. In
the case of children the writer prefers isolation of at least six weeks. Even
then they should not be allowed to mingle with healthy children at the end
of that time if there is any discharge from the nose or inflammatory condi-

tion of the fauces. The so-called " return " cases are not so common in

connection with this disease as with scarlet fever. It has been stated by
Park and others that as a rule the diphtheria bacilli are absent from the

fauces three weeks after the disappearance of the exudation. But in the

writer's experience cases have not infrequently occurred in which the

organism has been present in a virulent form for several weeks or months
after an attack of diphtheria, and that in spite of local antiseptic treatment.

The question arises whether such a patient is to be kept isolated as long as

the bacilli are present. On this point the writer can only say that he has
not detained in hospital such cases for a longer period than three months,
and some even for a shorter time ; and to the best of Ms knowledge no
secondary or " return " cases have been caused by such patients after their

discharge. At the same time in letting such patients out of isolation it is

advisable to impress upon the parents or friends the wisdom of keeping the

recovered patient as far as possible to himself with respect to other children



DIPSOMANIA 21

{e.g. not sleep with children, kiss them, etc.), and to be on the look-out for

any recrudescence of sore throat.

Prophylaxis.—Another question which arises in the prophylaxis of diph-

theria is : Should antitoxin be employed as a preventive agent ? As a rule

the writer would answer no. The prophylactic power of antitoxin does not

last for more than three weeks, if so long. But there are a few well-reported

and authentic instances where a case of diphtheria having occurred in an
institution for children (hospital, school, etc.), and other cases having

followed at intervals, the outbreak has been cut short apparently by sub-

mitting the remaining children to the injection of antitoxin. Therefore in

special instances this measure is worth a trial. It is not necessary when
injecting antitoxin as a prophylactic to give more than 600 units.
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Newsholme's Origin and Spread of Pandemic Diphtheria, 1898. A paper in the Guy's

Hospital Reports for 1896, by Drs. Richmond and Salter, on the " Diphtheria Bacillus and its

Variants," contains numerous references to bacteriological literature. Variot's Diphtheria

and the Serum Treatment, 1897. The Annals of the Pasteur Lnstitute, Paris. Ehrlich, Die
Werthbemessung des Diphtherieheilserums und deren theoretische Grundlagen, Jena, 1897 ;

Deutsche medicin. Wochenschrift, 1898, No. 38 ; and Transactions of the Jenner Lnstitute, 2nd
series, 1899. Park in Twentieth Century Practice of Medicine, vol. xvii., article "Diphtheria."

Diplegia. See Hemiplegia, Paralysis.

Diplopia. See Ocular Muscles, Strabismus.

Dipsomania.
Symptoms . . . .21
Nature and Pathology . . 23

Diagnosis and Etiology . . 23

Treatment . . . .24
See also Alcoholism.

Definition.—Dipsomania is an elaborate idiosyncrasy towards alcohol with

occasional paroxysmal and irresistible impulses to drink excessively.

Symptoms.—Dipsomania is, par excellence, the alcoholic disease of good

people. Both men and women are the victims of it, but women less

frequently. The idiosyncrasy which it betokens is a congenital inequi-

librium, and occurs generally, but not always, in obviously neurotic subjects.

The paroxysmal phase usually develops for the first time in the second

half of adolescence, but may occur any time after the patient has tasted

alcohol and has discovered his susceptibility to it. True dipsomania is

comparatively rare.

One cannot insist too strongly upon the fact that dipsomania is not the

development of an alcoholic habit. It is much more truly the exact

opposite—an abrupt and occasional departure from habit. We have to

suppose—though we cannot always obtain evidence of it—that the patient,

on having tasted alcohol, has been aware of an excessive and peculiar

reaction to it. Not that he has become rapidly intoxicated, or even that

anything which an onlooker might observe has occurred, but that the patient

has discovered in alcohol a source of acute, expansive pleasure. If he be

a very strong man, the paroxysmal impulse may be indefinitely postponed.

In my opinion there are quite a number of patients in whom the disease

never becomes actual. They carefully avoid what is to them a very
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dangerous indulgence. More frequently, however, the patient does not

deny himself so strictly, and occasional deliberate indulgences strengthen.

in his mind, the impression of delight in drinking. Some cases have been

described in which, almost from the first, there was no effective check upon

drinking; but the usual thing is for the patient to resist his vice success-

fully for a considerable period. Sooner or later, however, in typical cases,

the paroxysmal phase occurs—a quite unique and unmistakable develop-

ment. The usual clinical picture is as follows :

—

On some occasion of fatigue—towards the end of a busy season, under the

depression of bodily illness or mental stress, during Lactation, or in the reaction

which occurs in busy people who suddenly find themselves at leisun—something
very like an attack of acute melancholia sets in. The patient goes off his sleep and
loses appetite, becomes costive, and has a dry skin, and dry, tarred tongue, Buffers

some cardiac discomfort or pain, and some mild degree of dyspno-a. The
characteristic feeling which persists is one of acute apprehension. This pre-

liminary stage is short—often not more than from six to forty-eight boors. Then
occurs the alcoholic obsession. The patient becomes aware that the idea of

drinking is occurring to his mind with unpleasant frequency. Do what hi

to draw his attention to sane projects, he finds the task impossible, and, a few
hours later, the alcoholic idea is constant in his mind, and hi> interest in other

things almost completely in abeyance Still acutely apprehensive, the patient

now rinds himself struggling against a tyrannous impulse. The stage of obet

is past. With some fugitive thoughts of what he is drifting away from- home,

business, honour—the patient resigns himself to the immanence or the alcoholic-

idea. Then he passes from the contemplative to the purposeful suggestion. His

struggle now is, not with his thoughts, l>ut with his impulse. Be is entirely and
vainly occupied in trying to compel himself to -it .-till, or to go to a safe pi
trying to resist the ungovernable impulse to go to the wine cellar or the public-house.

This may seem a common occurrence, a mere account of what temptation is to

every man who tries to break a bad habit* But no one who has seen a dipsomaniac
in the phase of impulse will easily forget the picture, or confuse it with the
ordinary features of alcoholism. The general impression suggests the idea of an
instinct. One is reminded of how animals behave under the intense excitement
of the reproductive or the maternal instinct, the instinctive fear for a natural

enemy, the instinctive hunger for a natural prey. The whole man is changed.
His face is hard and set, full of fear, evidently bent upon something—either a way
of escape or a means of satisfying his craving— his muscles are twitching, he 18

restless and under great bodily distress, his respiration is panting, his pulse quick,

his skin hot, his tongue dry and parched. Actual thirst is acute, but, though the
patient drinks large quantities of bland liquid, satisfaction does not follow, and
cannot, except by intoxication. The characteristic termination of the attack is

by some degree of coma. This the patient accomplishes rapidly once he resigns

himself to it. And now it is characteristic that he drinks alcoholic liquor as a
water-starved man drinks water—not with any lingering pleasure, but in drenching
doses. At this stage, when the patient has begun to drink, volition practically

ceases to exist except for purposes of drinking : and he is dangerous to himself
and to others. Any one who tries to thwart him may be violently assaulted

;
the

most dangerous feats of escape from confinement may be attempted : and even
extreme acts of immorality will not daunt a patient whose mind is made up.

By degrees—often not so quickly as would happen in a normal man—some
degree of coma follows. Unless the liquor has been diluted there is risk of
alcoholic poisoning. When the patient is so comatose as to be oblivious of all

else, he will still reach out for drink and pour it down his throat. It is not usual
for positive, alcoholic symptoms—excitement, delirium, convulsions, and such like

—to be prominent in the first bout. The patient at last sleeps, and awakes, as a
rule, feeling better. Very often, however, there is only an interval of peace, and
relapses are very common. Probably after a week or ten days of repeated bouts
the patient recovers by prostration, a condition of collapse in which he is free

from the alcoholic suggestion, or incurs delirium tremens or insanity. It is

important to note that patients who have been prevented survive a paroxysm
with a self-respect which has been retained at the cost of organic satisfaction, and
are liable to have recurrent paroxysms. Those who drink, while they may be
plunged, when they recover, into remorseful distress, have a sense of satiety which
is, to some extent, a safeguard.
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The subsequent history of cases is varied. Generally speaking,

paroxysms are not periodic, but are more truthfully to be described as

occasional. Some cases become rapidly worse ; others seem to pass through
one paroxysm after another without much depreciation. Circumstances
which have been the occasion of a paroxysm are apt, if they recur, to

occasion another and another—probably by suggestion. But many cases

which have been treated judiciously outgrow their idiosyncrasy, or at least

escape its paroxysmal phases.

Nature and Pathology.—The pathology of dipsomania is quite unknown.
To understand the condition it is helpful to consider the two phases of the disease
—the idiosyncrasy which predisposes to it, and the paroxysm which expresses it.

I would revert again to the analogy of a brute instinct. There is something quite
unusual in the patient's reaction to alcohol, comparable perhaps to the constitutional
effects of characteristic odours upon the lower animals. We perhaps go too far in
describing the reaction as pleasant ; but it must obviously be at least attractive.
As a matter of fact, however, the patient is often not sure whether he more likes

or dreads the experience which follows upon a mild indulgence. The condition of

the patient in the subsequent stage—the stage of resistance—must also be inter-

preted in the light of his previous experience. Probably the patient's imagination
is more habitually under the influence of the alcoholic idea than he confesses.

The paroxysm may be variously explained. Perhaps it is a crisis—the culmination
of a progressive, alcoholic psychosis comparable to an epilepsy. Or it may simply
be that persons who have the alcoholic inequilibrium which dipsomania betokens
are liable to occasional recurrent attacks of acute melancholia, and that then the
alcoholic suggestion which has been suppressed obtains a rapid and complete
ascendency. Whatever the morbid process be which we may suppose to underlie
the phenomenon, dipsomania is a nervous condition in which there is (1) a nervous
.state in which alcoholic stimulation is powerfully suggestive, (2) occasional
conditions in which the alcoholic neurosis assumes an epileptoid intensity, or in
which the volitional functions generally are so reduced as to admit of its rapid
development. The forcefulness of the impulse is nothing new. We are familiar
with the same kind of thing in other pathological states—pyroniania, nympho-
mania, etc. ; and, as I have said, in brute instinct. But no one has a satisfactory
explanation of such phenomena.

Diagnosis.—It is the common custom to call all manner of cases by the

name dipsomania, which have not much in common with it except just the

bouts of excessive drinking. Such a practice may not be of very evil

consequence, but it is far from exact. True dipsomania cannot easily be

mistaken. The condition is constitutional and native, it does not develop in

consequence of alcoholic habits, and it has dramatic features which are

impressive and unique. Some writers speak of pseudo-dipsomanias, but it

seems to me better to consider these as varieties of alcoholism. Features

which characterise dipsomania—the unusual reaction, the occasional crisis,

the forceful impulse—may each of them occur in alcoholism. But unless

the patient manifests these symptoms independently of persistent alcoholic

habits, he is not a dipsomaniac. Moreover, in dipsomania the symptoms
common to alcoholism (q.v.) do not abound. Apart from these cases of

alcoholism dipsomania is, as I have said, rare.

Etiology.—Dipsomania is not hereditary in the strict sense. It is an

inequilibrium which may occur in any neuropathic family, and it may be

the first instance, in a long race, of nervous depreciation. The occasions of

paroxysmal impulse are of much more practical importance than are the

constitutional causes of the idiosyncrasy. These have already been indicated.

Adolescence is of the first importance ; in older men, the preclimacteric

stage when business is often excessive ; and, in women, the late puerperal

and lactational period. As in other neuroses, the periodicity of the

paroxysms is more marked in women than in men.
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Treatment.—The treatment of dipsomania is palliative as regarde the

idiosyncrasy, and preventive as regards the paroxysm. In other words, the

patient should be treated as neurotic, and discipline and hygiene should

be made to minister to stability. The treatim-nt usually prescribed I

almost entirely to the prevention of drinking wlim a paroxysm has occurred

It is cpiestionable if that is important. It is much more valuable to anticipate

the crisis. When a patient is expecting an attack, act] Id !><•

taken to outflank it. An abrupt and suddeo readjustment of the whole

circumstances of the patient is called for—always in the direction of recupera-

tion of energy. (Ii.injv i- the first essential : and it must be borne in mind

that very often an unusual activity is recuperative [fthe paroxysm has not

been forestalled, and the physician i- called to a case in which the Btfl

obsession or that of impulse has been reached, he must devote himself \.<>

the least hurtful satisfaction of the crave An enema should be adminis-

tered, the stomach should be washed out, and Bedatives or intoxicants

should be administered by the tube. Al the same time nutrients should be

added, and saline or other aperients. It must be the physician's aim to

induce hypnosis as speedily as possible, and at the sain.- time to further

elimination. The patient must, in no case, be told what has been adminis-

tered. Hypnotism is very useful if resorted to soon enough, but is no1

likely to be applicable in the paroxysmal Bl

LITERATURE.—Magnan is the authority on this subject. us sur la dipso

manie," Progrks midical, 1884, should be reail and compare'! with his " Dc Talcoolisme,

and with Lkckanck's " II .'r. . lit.- et l'alcoolisme," 188'.'. LSORAHOI contributes valuably to

Tuke's Dictionary of Psychological Medicim undi-r "Alcoholism" ami under " Dipsomania*
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I. Ways and Means of Infection

(A) Ways of Ingress.—Infectious diseases may be communicated by
inoculation, by contact or association with the sick ; by Yehicles, as excreta

or water, etc., or clothing and other articles contaminated therewith, and
containing or conveying the microbes or their spores ; by the bites, etc., of

insects, and by residence in infected localities.

The modes of ingress of the microbes into the fluids of the body may be dis-

tinguished as (1) inoculation
; (2) absorption

; (3) inhalation ; and (4) ingestion.
Some diseases are received by one, others by two or more of these means, and
that with equal or unequal frequency. Inoculation and absorption being closely
allied, a poison certainly inoculable is probably capable of absorption by an
unbroken mucous surface.

1. Inocidation.—The contagia of rabies (as hydrophobia), glanders, anthrax, and
vaccinia ; the extra-corporeal contagia of tetanus, erysipelas, and septicaemia ; and
the intra-corporeal leprosy are usually thus received, while an abrasion greatly
facilitates the infection of syphilis, chancre, and gonorrhoea. Under exceptional
circumstances others may be inoculated, as small-pox, diphtheria, and tuberculosis.
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2. Absorption by mucous surfaces is the rule with venereal diseases and with
puerperal septicaemia. Ophthalmia is the infection of the conjunctiva with the
purulent discharge from other cases ; in glanders and diphtheria the microbes
are arrested on the nasal, pharyngeal, or laryngeal mucous surfaces, and the bronchi
rarely involved, except secondarily by extension. Diphtheria, measles, scarlatina,

etc., are easily absorbed from infected pocket-handkerchiefs and like articles.

3. Inhalation is, however, the most frequent means of communication of all the
non-recurrent intra-corporeal contagia, viz. Variola and varicella, typhus and
plague, measles and rubella (rotheln), whooping-cough and mumps, as well as of

yellow and relapsing fever and some others : also of tuberculosis of the lungs and cer-

vical glands, contagious pneumonia, epidemic cerebro-spinal meningitis, influenza,

and diphtheria. Enteric fever is, though rarely, and cholera may possibly be, thus
received, and it has hitherto been universally believed that malarial fevers are

conveyed aerially, though mosquitoes are now held to be the principal means.
4. Ingestion is certainly the rule with enteric fever, cholera, dysentery, and

some forms of diarrhoea, water or foods specifically contaminated being the cause

of epidemic outbreaks, and eating with hands soiled with fa-ces, of the personal
communication of the disease. The milk of tuberculous cows is the chief cause of

infantile tuberculosis, intestinal, meningeal, vertebral, etc. Foot-and-mouth
disease of cows is communicated to man by their milk. Scarlatina, enteric fever,

and diphtheria may also be conveyed by milk as a vehicle, there being no better

culture fluid for most bacteria. Lastly, the imperfectly cooked flesh of tuberculous
animals may be a means of infection.

5. Insects.—Flies play a more important part in conveying infection than is com-
monly supposed. They carry infective matter on their feet and trunks from the

sick to the sound and to articles of food ; while quite recently a mass of evidence
has been accumulating to prove that mosquitoes, i.e. gnats, of certain species, are

the actual vehicles of malarial poisoning, the plasmodia or hamiatozoa of these fevers

swarming in the fluids of their bodies, and being inoculated by their bites into

the human blood. Dogs and cats may convey infection in their coats, as human
beings in their clothes, but cats are themselves susceptible of diphtheria, which
they may thus communicate direct from one child to another.

(B) Ways of Egress.—All pathogenic microbes leave the bodies of the

sick by one or more ways, the chief of which are («) the mucus secreted by
the respiratory passages, throat, and mouth

;
(b) the intestinal evacuations

;

(c) the urine ; and (d) the serous and purulent contents of vesicles and
pustules, and possibly detached epithelium. The first-named is specially

important in relation to scarlet fever and measles, and is probably the main
source of the infection which not infrequently occurs during convalescence

of a case. Too exclusive attention has been attached to " desquamation
"

as the principal cause, to the neglect of the mucous membrane involved in

the early and latest stages of the disease. The " breath " of patients suffer-

ing from infectious diseases is by some considered to be a means of infection,

but the evidence for this is not conclusive. These points are of great practical

importance in connection with the science and practice of disinfection.

Streptococci are present in large numbers in the urine of scarlatinal

patients, but attempts to obtain cultivations from the cast-off epithelium

have been so unsuccessful as to cast doubts on the universal belief in their

infectivity, but Dr. Class of Chicago states that he has grown from the

mucus of the throat and the epithelium alike a diplococcus perfectly

characteristic, and doubtlessly specific. He explains previous failures by
the fact that the only media in which it will grow are glycerine agar with

5 per cent of sterilised garden soil, and milk.

(C) Periods of Incubation and Infectiveness.—A knowledge of the in-

cubation or period that elapses between the reception of the infection and

the first manifestation of the symptoms of the disease, and of that during

which the convalescent retains the power of communicating the infection to

others, is necessary to the successful practice of disinfection and prophylaxis,

especially in schools.
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Incubation.—The statement of these periods in our text-books is for

from satisfactory, for they are, I believe, more constant than is generally

supposed. An error on the side of excessive caution is certainly safe, but if

we admit such wide ranges as two to fifteen days, or one to three weeks, we
deprive ourselves of the means of tracing any case to its source.

Deferred Infection.—Many alleged instances of extraordinarily proloi

infection are really cases of recent exposure to infected articles, but it is

also highly probable that one may carry the contagion for some days or a

week on one's clothes or person, resisting infection for that time. For this

Dr. Reincke has suggested the term "deferred infection," and such

apparent prolongation of the incubation period is perhaps not infrequent.

Incubation periods should be reckoned from the moment of infection to

that of the invasion or commencement of the febrile disturbance, not to tic-

appearance of the eruption, which is a later stage in the coursi- of sonm
diseases, not having anything corresponding to it in others. The incubation
is properly the period during which there is no sensible i of disease.

Among the difficulties and sources of error in determining the duration of

incubation are (1) the uncertainty attaching to the date of exposure alike

when (a) no other cases are known to exist in the neighbourhood : as
when, as during epidemics, opportunities of infection are everyw here present;

(2) the possibility of deferred infection ; or (3) of later infection by fomites;

(4) the insidious course of some diseases, as enteric fever and diphtheria in

their earlier stages; and (5) the fact that cases infected successively from the
same source may be mistaken for primary and secondary cases with a very
short interval between them.

Perhaps the following statement of the true periods may be taken as the
nearest approach to accuracy :

—

Short Incubation*

Erysipelas . . . . 1-2 clays
Septicemia . . . . 1-2 „
Influenza . . . . 1-3 „

1 dphtheria . . . 1-4

Scarlatina .... 2-5 „

Long Incubations

Measles 10-12 days
|
Small-pox .... 10-15 days

Variable Periods

Cholera . . . . 1-4 days
Whooping-cough . . 7-10 or 12 „
Typhus . . . 7-14 or 16 „

Enteric fever . . . 12-20 days
.Mumps . . . 14-21 or 24 „

Varicella and rubella are occasionally somewhat shorter than small-pox
and measles respectively. The eruption follows the invasion after one to
two days in scarlatina, two to three in small-pox and typhus, and three to
five in measles.

In a recent epidemic of rubella at Konigsberg, Dr. Theodor and
other medical men met a number of cases of the recurrence of the disease
in the same individual after intervals of two to six weeks.

Quarantine.—A scholar who has been exposed to infection during the
holidays should not be admitted, or, if in school, should be isolated for a
period somewhat longer than the maximum incubation period, being mean-
while deemed a " suspect," and not allowed to associate with any susceptible
individuals. This should be, in

—

Scarlatina .... 8 days
Diphtheria . . . . 12 „
Measles 16 „

Small-pox .... 18 days
Whooping-cough . . . 21 „
Mumps 24 „

Varicella and rubella as small-pox and measles
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Isolation.—Duration of Infectivity.—One who has suffered from an

infectious disease should, after the most thorough disinfection of his person

and clothes, be isolated from association with susceptible persons for the

following periods.

Scarlatina.—Eight or ten weeks from the appearance of the rash, de-

squamation having ceased, and so long after that as the throat is not

perfectly healthy, or there is any discharge from the nose or ears.

Measles and Rubella.—Three weeks from invasion, provided all cough,

etc., have ceased.

Mumps.—Four weeks, all swelling having disappeared.

Whooping-cough.—Six weeks from the recognition of the cough, if it have

entirely lost its spasmodic character, or four if all cough whatever have ceased.

Diphtheria.—Four, or perhaps in very mild cases three weeks, provided

there be no albuminuria or discharge from nose or ear, the patient be practi-

cally well, and the throat appear perfectly healthy.

A bacteriological examination of the pharyngeal mucus should be made
on several consecutive days, for the bacilli may remain for some time viru-

lent towards other persons, though inert towards the bearer.

Small-pox.—When all scabs have fallen and the scars have healed.

In the case of the last two we have it in our power to protect suscep-

tible persons from infection, viz. vaccination or revaccination against small-

pox; and prophylactic injections of antitoxin against diphtheria, the immunity

conferred by these last persisting for about a month. The earliest commence-

ment of infectivity is a question of some practical importance, especially in

the suppression of epidemics in schools. There is no evidence of the

communicability of any acute specifics during the purely incubative period,

while as yet there are no objective symptoms, but it probably begins with

the very earliest manifestation. All susceptible persons who have associated

with the sick, on or subsequent to the first day of the invasion, should be

suspects and put in quarantine, though when the disease is one with a long

incubation, the isolation need not be enforced until the week following

exposure. The infectivity is, however, but feeble, and prompt separation is,

as a rule, successful, except with measles, in which infection mostly takes

place before its nature is suspected. The evacuations of enteric fever and

of cholera are infective when only a slight looseness is observed.

II. Disinfection and Disinfectants

Disinfection.—General practical disinfecting processes are directed to

—

(1) the destruction of all microbes deposited with the dust on all surfaces

and projections, and in crevices and recesses on or in the walls, floors,

ceilings, furniture, etc., of rooms, or adhering to or contained in furniture,

carpets, curtains, decorations, etc., of rooms, as well as clothing and other

domestic articles; (2) the destruction of the infectivity of excreta and

expectoration
; (3) preventing the spread of infection by persons ; and (4)

destroying in situ such microbes as, though pathogenic, have also an extra-

corporeal or saprophytic existence.

The removal of offensive odours and the prevention of putrefaction have

a certain and occasional value, but there can be no greater error than the

popular confusion of deodorants, and even of antiseptics, with disinfectants

—

that is to say, with germicides, although some bodies partake of the properties

of more than one of these groups.

Deodorants that simply overpower an ill odour by substituting an

agreeable one are worse than useless, those only having any real value
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that break up offensive and injurious volatile 1 todies, as hydrogen or

ammonium sulphides, and combining with some or all of their molecules,

fix them in inert and inodorous compounds, and those which, giving oil'

nascent oxygen to organic matter in a state of incipient decomposition or

unstable equilibrium, oxidise it with such rapidity that the process has

been aptly termed "wet combustion." These are represented ivsprctively

by the actions of chlorine, and of permanganate of potash and peroxide of

hydrogen. The latter, being mere oxidisers, have little action on living

bacteria. They have been fully discussed in the article "Antiseptic Treat-

ment of Wounds " in vol. i.

Disinfectants, in the restricted sense that the word has now aoqni

are germicides, i.e. bodies capable of killing bacteria ; and, in practice, such
only as do so effectually and permanently, for one that does not, fails

altogether to fulfil its purpose.

Their absolute and relative values must be learnt by laboratory experi-

ments conducted on strict scientific methods, but in applying the con-

clusions thus arrived at to actual practice one must take account of the

different conditions under which they are employed, and of the disturbing

factors which, rightly excluded from the laboratory, have to be reckoned
with elsewhere.

It is not enough to know that a substance is a germicide ; one must
know and must use it in the requisite quantities and degree of concentra-

tion; nay more, one must make sure that it comes into actual contact

with the whole of the bacteria. Very few indeed of so-called disinfec-

tions fulfil all these conditions, and if they fail in one, they are but
illusions and shams, little if at all better than the perfunctory fumigation
of travellers and their luggage that until recently satisfied the officials in

some countries. Thus the 1 lb. of sulphur, or 11 cubic feet of sulphurous
acid gas per 1000 cubic feet of space, now prescribed for the disinfection of

rooms, is based on Koch's observation that an atmosphere containing 1 per
cent of the gas was fatal to all bacteria in thirty minutes, though not to

their spores.

But Koch recognised the difference between his empty air-tight box and
a furnished room with leakage by doors and windows, and showed that even
in his experimental chamber similar cultures covered by a cloth or in a few
folds of filtering paper were protected from the action of the gas.

Again, medical men who clearly appreciate the uses and action of sub-
limate solutions of 1 in 1000 or in 2000 respectively, are found advising the
addition of indefinite quantities of the reagent to still more indefinite

volumes of excreta or sewage, by dilution with which the proportion of the
sublimate would be instantly reduced to anything between 1 in 10,000 and
in infinity ; whereas the quantity of the reagent to be used should be calcu-

lated on the liquid to be disinfected, as by adding 2 oz. of a 1 per cent solu-

tion to a pint, or 16 oz. to a gallon of the excreta, if a strength of 1 in 1000
is desired.

Even then the fluid mixture should be agitated,, and, if thick, be diluted
before treatment, for the dense coagula formed by the action of the sub-
limate on albuminoid matter may otherwise enclose and protect the bacteria,

so that disinfection is incomplete.

The insufficiency of sulphur fumigations as commonly performed may
be demonstrated by placing one silver coin on a table and another in the
pocket of a coat during the process, when the former will be found blackened
and the latter scarcely tarnished.

Heat as a Disinfectant.—Heat is the most certain means of disinfection.
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Our exact knowledge of its efficacy dates from the investigations of Koch,
Wolflragel, G-affky, and Loeffler in 1881, whose conclusions were that

—

(1) Non-sporiferous bacteria cannot survive U hour's exposure to hot air
at 100° C.

; (2) spores of moulds are not killed by 1| hour's exposure to hot
air at 110°-115° C.

; (3) spores of bacilli are killed only after 3 hours in hot
air at 140° C.

They experimented on the B. anthracis, but those of tuberculosis, according to
Bonhoff and Forster, die in 1 hour at 60° C, in 5 minutes at 90° C., and in 1 minute
at 100° C.

But few fabrics, if any, can stand long exposure to such temperatures in dry
air without serious damage, and several hours are required for the heat to penetrate
the interior of mattresses or bales of goods. Moist heat is, however, far more
effectual, and does not injure the majority of fabrics, leather being the most
important exception

;
while exposure to saturated steam at 100° C. for 15 minutes

suffices to kill even such resistant organisms as the B. anthracis and its spores.
Whether steam is more energetic at high pressures, as 20 lbs. to the square inch,'
than at lower pressure is, though probable, not determined ; but its power of
penetration is undoubtedly greater, and consequently a snorter exposure is
necessary, and there is less condensation of moisture on the articles submitted
to it. An incidental advantage is found in the fact that where steam power is
employed for other purposes it is always worked at high pressure, and may
be utilised for the disinfecting apparatus, though the initial cost of the stronger
chamber required will be greater. The penetration of the steam may be ac-
celerated by intermittent raising and lowering of the pressure, the steam
being let otf, and after some minutes turned on again. The removal of the
moisture of condensation is facilitated by producing a partial vacuum, and then
admitting dry hot air at atmospheric pressure. The exhaustion is best effected
by passing a jet of steam across the mouth of a pipe communicating with the
chamber until the gauge indicates a " vacuum " of 20 inches, when air is admitted
at atmospheric pressure by a pipe surrounded by a steam coil that raises its
temperature to 105° C. : and the creation of a " vacuum " previously to the
admission of the steam is, as regards its penetration, equivalent to raising its
pressure, and permits of equally rapid disinfection at lower temperatures, with
consequent less risk of injury to the goods, a temperature of 105° C. being under
these circumstances as effective as one of 120° C. would be otherwise.

Washington Lyon's apparatus is perhaps the best, as it is the most costly.
Reek's fixed and portable are excellent, and much less expensive; and Thresh's
and Defries' " Equifex " have each features to recommend them.

Chemical Disinfectants.—Innumerable inorganic and organic bodies
possess more or less of germicidal properties, and numbers of these, alone
or in combination, have been put on the market as proprietary preparations,

but too often of unknown and very uncertain composition, some being good,
though their value be exaggerated, while others are feeble almost to inertness.

Chemical disinfectants may be considered under the several heads of

(1) oxidisers, bodies giving off oxygen in the nascent or atomic state, and
therefore very active

; (2) halogens, or bodies evolving chlorine, bromine, or

iodine in the nascent state
; (3) oxides of nitrogen

; (4) caustic alkalies

;

(5) acids
; (6) metallic salts

; (7) the phenols and their derivatives ; and
(8) formic aldehyd.

(1) Ozone and hydrogen peroxide are unstable combinations, easily breaking
up and setting free oxygen in the atomic state, thus

3
=

2 + and H2 2
=

H
2 + O, but they are too expensive for practical use.

In "sanitas," however, prepared by passing air through oils of turpentine,
camphor, etc., floated on water, there is much H2 2 and some 3 formed in the
slow oxidation of the " essential " oils ; and potassium permanganate, in the
presence of acids or of organic matter, especially if in a state of incipient decom-
position, gives off "nascent" oxygen freely. The latter, commonly known as
" Condy^s fluid," is largely used for washing foul wounds, removing the smell from
the hands or from vessels that have been in contact with putrid or faecal matters,
and for sweetening meat that is slightly "turned," or game already too "high."
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It is, however, but a feeble germicide in solutions of less than 5 per cent, and unless

very dilute, it stains fabrics a deep brown. Sanitas in 2 per cent solutions may be
used for the same purposes, and is free from these defects, being non-poisonous,

colourless, and non-irritant. It makes an elegant toilet preparation, and is a
fairly active oxidiser.

(2) Halogens.—Chlorine prepared by the action of strong acids on bleaching
powder or on common salt and manganese dioxide is in the presence of water a
powerful indirect oxidiser, through its affinity for hydrogen. It fixes ammonia
and breaks up hydrogen and ammonium sulphides, as well as the phosphorus
compounds evolved in putrefaction. But it is an uncertain bactericide.

Hypochlorous acid, H aCLO, is more active than chlorine itself, and is evolved
from "bleaching powder" (commonly but incorrectly called "chloride of lime"),

an impure calcium hypochlorite, when acted on by acids, even though slowly, by
the C0 2 in the air. On contact with moisture it splits up into HCI and atomic
oxygen. Bleaching powder must therefore be kept dry and not long before use.

It is nearly valueless as a disinfectant or germicide, but very useful for destroying
the bad smells from gullies, dung-pits, privies, and dust-bins after they home been

emptied. The residual calcium chloride being deliquescent, it cannot be substituted

for caustic lime for washing walls.

Iodine, though a feeble oxidiser, is a stronger germicide than chlorine, and is

used by some surgeons for disinfecting their hands, but its cost alone, apart from
other objections, excludes it from general sanitary practice.

(3) The oxides of nitrogen may in like manner be rejected as unstable, expensive,
and otherwise unsuitable.

(4) Caustic alkalies destroy bacteria by dissolving their substance as well as the
albuminoid matters in which they may be embedded, but weak alkaline solutions

favour the growth of most. Fresh burnt lime is thus a most effective disinfectant

in the form of lime wash (not white wash, which is made with fine chalk) as an
application to walls. Dry quicklime is caustic and dehydrating.

(5) Acids, if concentrated, are of course strong bactericides, though not available

in practice. But some bacilli, as that of cholera, are unable to resist very moderate
degrees of acidity, as that present in a healthy stomach, or produced by the use of

sulphuric or other mineral acid "lemonades," which are valuable preventives
during an epidemic. Sulphurous acid stands on its own merits. It is a better

germicide than chlorine or hypochlorous acid, and is still the " official disinfectant."

sharing the honour with carbolic acid and sublimate. It is produced by burning
crude sulphur or carbonic sulphide, but since the former is hard to keep alight,

and the latter dangerously inflammable, they are fast being superseded by the use
of the compressed gas in cylinders. It is a reducing agent, decomposes sulphides,

converts ammonia, compound ammonias, and organic bases into sulphites and
bleaches vegetable colours.

Sulphur dioxide (SO.,) is irritant and irrespirable, 5 per cent having proved
fatal, though 0-5 per cent can be borne for some time. It is soluble in water
to the extent of 50 vols., but the solution is unstable.

In the anhydrous state it is inert, acting as a germicide only in the presence of

moisture ; fumigations of rooms are therefore useless unless the walls and every-
thing to be disinfected be first sprayed or wetted throughout, when its bleaching
action on all vegetable colours would be resented. In Germany it has been
thoroughly discredited, but it holds its ground under official patronage in the United
Kingdom, France, Sweden, Austria, and the United States of America, where,
however, the authorities require 4 per cent instead of the 1-75 per cent that satisfies

ours. The only prominent sanitarian on the Continent who retains any confidence
in it is Vallin of Paris ; and its continued sanction by our Local Govern-
ment Board can be accounted for only by the absence of a body of state officials

engaged in original research like those of the K. K. Gesund. Amt at Berlin, the
medical officers of our Local Government Board being all hard-worked inspectors
or " chief clerks."

Stdphuric acid might under some circumstances be employed with advantage
for disinfecting fasces or cesspits, since Stutzer found 0-05 per cent in water or
sewage quickly fatal to the bacilli of cholera. It would be especially useful for

cleansing the bilges of vessels arriving from infected ports or having had cases of
cholera on board during the passage.

Boric acid is a non-irritant antiseptic in surgical practice, and too much used
as a food preservative, but has no claim to be considered a disinfectant.

(6) Metallic Salts.—Though ferrous sulphate at one time enjoyed a high
reputation, the only metallic salts calling for notice are those of zinc and mercury.
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Zinc chloride is a powerful antiseptic in solutions of 0-5 to 1 per cent, and a
disinfectant in 2 to 5 per cent for all but the most resistant bacteria. None of
these solutions injure metals or fabrics. "Sir W. Burnett's Fluid" contains 50
to 70 per cent, and the French "Eau de St. Luc" about 75 per cent, but the
variable strength of these proprietary preparations is a great defect.

Mercuric Salts.—The cyanide and biniodide are now preferred in surgery, but
the bichloride Hg2Cl2, commonly called corrosive sublimate or simply sublimate,
stands unrivalled as the universal disinfectant for its energy, general applicability,
and cheapness. Its poisonous character is often urged against it, but the danger
is far less than is commonly supposed, the smallest fatal dose being 3 to 5 grains,
or | to j pint of the 1 in 1000 solution, which is the strongest used. Such a quantity
could not be drunk by accident, and the ounce that might be swallowed in mistake
would represent g grain only, the worst effect of which would be a little gastro-
intestinal disturbance ; whereas the same quantity of Burnett's Fluid, or a half or
even a quarter of an ounce of carbolic acid, would very probably prove fatal.
Still, if people are afraid to have it in a house, it might be coloured blue with indigo
or laundry blue, when it could not be mistaken for any medicine or beverage.

One part in 10,000 or 1 in 5000 is fatal to all but the most resistant bacteria,
and 1 in 1000 suffices to kill in a few minutes even those of anthrax in water, and
all others even in thick fluids or faeces. To obtain this proportion a stock solution
of 1 per cent may be kept ; with 10 per cent of common salt or 0-1 per cent of
hydrochloric acid added to prevent deterioration through the deposit of a basic
chloride.

(7) Phenol, CcH5(OH).—Commonly called carbolic acid, it is rather of the nature
of an alcohol or hydroxyl derivative of a hydrocarbon radical. It is strongly anti-
septic, but neither powerful nor certain as a disinfectant, for unless concentrated
and allowed to act for several days it does little more than delay the germination
of spores. Koch found that 1 per cent destroyed the bacilli and 5 per cent the
spores of anthrax in two days, but some bacilli are even more resistant, and those
of typhoid fever flourish in a medium carbolised to 1 per cent.

Carbolic powders consist of phenol incorporated with inert mineral matter, its

minute subdivision favouring its volatilisation, a doubtful advantage since aerial
disinfection is an illusion. They should be guaranteed to contain 15 per cent
of phenol, though few do, and some show only a trace.

The crude acid of the shops is in some respects superior to the pure.
Cresol or methyl phenol with its derivatives forms the chief constituent of

lysol, creolin, izal, " Jeyes' Fluid," and a host of similar mixtures and preparations.
It is a better disinfectant than phenol, and some of its products and derivatives
are much less poisonous.

(8) Formaldehyd, COH-H ; Paraformaldehyde C3 3H3-II3 .— Polymers of the
aldehyd of methyl, the first being a pungent gas, very soluble in water, from
which it is given off again on heating, and the second a white crystalline solid,

breaking up when heated into the normal aldehyd. It is a very powerful anti-
septic, recently much used for preserving milk, fish, etc., and a very good dis-

infectant. In 1 per cent solutions it kills all microbes in from fifteen minutes to
one hour, and not being caustic or irritant, and not forming an insoluble com-
pound with soap, as sublimate and zinc salts do, it may be used without hesitation for
disinfecting the hands, clothing, brushes, etc., and in laundry work. It has a decided
action on bacteria even as a dry gas, though far less than when in solution or
when the articles have been wetted. The so-called " Formalin " is a 40 per cent
solution of formaldehyd, and paraformaldehyd is sold in tabloids, to be volatilised
in a special lamp, the " Alformant." When this is used the walls and furniture
should be previously sprayed with water. It may be described as the domestic,
as sublimate is, or should be, the official disinfectant.

Disinfecting soaps and candles are not to be commended, being too feeble to be
of any real use, while giving a false sense of security.

III. Practical Disinfection

Preparatory Measures.—The difficulties of disinfection, the risk of

spoiling things in the process, and the necessity of destroying such as can-
not be thoroughly disinfected would be minimised if the moment an
infectious disease is recognised, or even suspected, all carpets, woollen
curtains, stuffed furniture, feather beds, down quilts, and rugs were removed
from the room, as well as clothing in chests of drawers, wardrobes, or
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hanging closets, and no furniture retained beyond a table and cane or

wooden
&
chairs, washing-stand and the like. The easy American or Indian

chairs, into the construction of which no textile fabric except a little canvas

enters', should be substituted for the arm-chairs or couches usually provided

for the attendants. The oldest and least valuable blankets and bedding

should be brought into requisition, or, better still, the ordinary mattress and

flock or hair bed be exchanged for one stuffed with the cheap but comfort-

able zostera or sea-wrack, commonly though incorrectly called " alva," which

may afterwards be burnt, the ticks being boiled for future use. As at this

early stage infection can scarcely have taken place, it will be sufficient to

expose the articles removed to the wind and light in the garden or yard.

A room on the highest floor, if lofty and spacious with ample windows,

is to be preferred, but on the next below, if the topmost rooms be in the

roof with low ceilings, dormer windows, and the like ; the door should be

kept closed and the window more or less open, and if the weather permit,

a fire, however small, kept burning, if not, the chimney at any rate should

never be closed. All windows on the staircase should be open day and

night, and the doors and windows of other bedrooms during the day, as

should the door into the garden, if any, and the front door also if kept

on the chain.

Special Considerations.—These anticipatory precautions may with advan-

tage be taken in all cases of known or suspected infectious disease, but

when its character is determined the subsequent steps for preventing the

spread of the infection will be regulated as to both their nature and the

stringency with which they shall be enforced by the circumstances of

the case.

The medical man will have to take into account (1) the presence of suscep-

tible persons, especially with regard to the age-incidence, and fatality of the

disease
; (2) its degree of communicability to susceptible persons and the

danger to life involved
; (3) the persistence or vitality of the microbes and

their spores out of the body
; (4) the " ways and means " of infection.

Thus (1) all persons who have not previously passed through an attack of

scarlatina are susceptible, but the susceptibility and fatality is so far greater in

childhood that adults over 20 or 30 years of age need not be taken much account
of, and those past middle life may be looked on as insusceptible. (2) Measles is

the most infectious of all diseases (except small-pox in an unvaccinated community),
but the danger to life, except in infancy, is practically nil ; while the fatality

of diphtheria at all ages is greater than that of almost any other. (3) The in-

fection of measles is evanescent, while those of scarlatina and of diphtheria are
persistent to an extraordinary degree. (4) Enteric fever is spread almost ex-
clusively by the fceces and urine, which, gaining access to water-supplies even after
percolating many yards through the earth, may infect an entire community :

though in a spacious and well-ordered sick-room the danger to the attendants
and household is insignificant. On the other hand, the infection of scarlatina,
diphtheria, or small-pox is with ordinary care easily confined to the house, though
within it susceptible persons are with difficulty kept from contracting it. But,
]jer contra, no one need be susceptible, at least after the first few days, to small-pox
or diphtheria, for in revaccination we have the means of conferring immunity for
many years, and prophylactic inoculation with diphtheritic antitoxin protects
from infection for about a month, measures that should never be omitted on the
appearance of either disease in a house.

Economy of Sick-room.—During the course of the illness all Linen
when soiled or changed should be immediately immersed in a solution
of "formalin," 1 part to 20 of water, or sublimate 1 in 2000, or zinc
chloride 1 in 25, in a glazed earthenware pan, such as is used for keeping
bread, and as soon as convenient they should be plunged for a quarter of
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an hour in a copper of boiling water. Before applying soap to the clothes

it will be necessary to rinse and wring them out in clean water if sublimate

or the zinc salt have been used, since these, especially the latter, form
insoluble compounds with the fatty acids. With "formalin," which does

not in the least interfere with the lather, this precaution is not needed, and
a wooden or galvanised tub may be used. Cups, plates, spoons, forks, etc.,

for the use of the patient should be kept and washed in the room, and on
no account sent downstairs.

All evacuations should be immediately well stirred with a 1 per cent

solution of sublimate in the proportion of 2 oz. to the pint before being

passed into the sewer or buried in the earth, unless reserved for the in-

spection of the medical attendants in the open air, not in a closet or in a

room. The urine is at least as infective as the faeces.

The Attendants.—Persons in attendance on a patient suffering from
small-pox, diphtheria, or scarlatina, and, of course, typhus—though this is

not likely to be met with in private practice—should avoid all contact with
susceptible individuals, especially children. If this be impracticable, as when
the circumstances of the family preclude the engagement of professional

nurses, and the wife or mother must take her turn with the patient and
the other children, she should, as indeed should all nurses, wear only cotton

dresses, and these changed twice a week at the least, while one that has

been soiled by the excreta in enteric fever, or by the nasal and oral dis-

charges in diphtheria or scarlatina, should be at once consigned to the dis-

infecting tub. She should have another dress hanging on the landing to

put on in the house, leaving that she had been wearing behind in the room.

She must keep her nails short, and after dipping her hands in the

formalin solution (1 in 20), cleanse them with hot water and soap, using

the nail-brush before attending to the other children.

It would be most desirable that her hair should be cut short enough to

be frequently washed, but if not it should be enclosed in a cotton cap while

in the room, or a bathing-cap would be still better.

Convalescents.—After small-pox and scarlatina, so soon as recovery has
well advanced, the person of the patient should be disinfected by frequent

baths with hot water and soap, the hair cut short and the head washed
with formalin followed by soap and water, soft soap being preferable to

hard. The throat in scarlatina and diphtheria should be sprayed with a

weak solution of Liq. sod. chlorinatse or formalin or Liq. pot. perm, daily

for several weeks, or so long as there is any redness, swelling, or relaxation.

The use of a spray and not a gargle is to be recommended. Dr. Sanger's

colour experiments prove conclusively that a gargle does not come in contact

with the walls of the pharynx or the tonsils, and can act on the soft palate

and arch of the fauces only.

When convalescence is complete, and the danger of infection considered

past, it is advisable that the patient, before returning to his family, should,

especially if he have been in a hospital or in a room with other patients,

be sent away for a week or two where he may breathe a pure air, and
eliminate the last traces of infection.

Attendants who, though insusceptible to scarlatina, or not having con-

tracted diphtheria, are sensible of some degree of sore throat, indicating

resisted and abortive infection, should use the spray to their throats and
pass a week or so in a pure air, as much as possible out of doors, in the same
manner, to rid themselves of the germs which, though they have had little

effect on them, may communicate the disease to others more susceptible.

Special Considerations.—As with the precautions to be taken to prevent

VOL. Ill 3
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the spread of infection during the illness of the patient, so with the sub-

sequent disinfection of the room, bedding, etc., a certain latitude may be

allowed according to the nature of the disease. With measles and whooping-

cough, the microbes of which perish very soon, a thorough cleaning of the

room, washing of linen, blankets, etc., and exposure of beds, pillows, and
unwashable curtains, carpets, etc., such as is familiar to housekeepers as a
" spring cleaning," suffices. With enteric fever no more is needed except

for bedding and linen that has been in contact with the patient ; but beds

and mattresses should be destroyed rather than disinfected, since they are

sure to be more or less saturated with the fluid and mostly involuntary

evacuations of the patient. In puerperal fever, a septic disease, the con-

tagion of which maintains an extra-corporeal existence, and is most per-

sistent, the destruction of the bedding is imperative, for the neglect of this

precaution may cause the death of a parturient woman occupying the bed
even after the lapse of a year or longer.

In diphtheria, scarlatina, and small-pox it is highly advisable to sub-

stitute for pocket handkerchiefs pieces of soft cotton or linen rags, which
should be burnt as often as used, or the Japanese paper handkerchiefs if

they are to be had.

After Death.—Infection does not cease with death. The number of well-

authenticated instances of the propagation, sometimes widespread, of small-

pox, diphtheria, scarlatina, typhus, etc., through contact, direct or indirect,

with the bodies of persons dying of those diseases is so great that much
more stringent legislation would be a public benefit. At any rate, the
body should, so soon as possible, be put into the coffin, bedded in some dis-

infecting absorbent, the best being probably Hartmann's sublimated wood-
wool, or, in rougher practice, sublimated sawdust ;

" formalin " might be
sprayed over all. The coffin should be placed in an empty room, covered
with its lid, though so soon as the first signs of cadaveric change appear
it should be screwed down, and burial (or cremation) follow at the earliest

possible date. There is no excuse for " last looks," and to allow a " last

kiss " is morally criminal. When an empty room is not available, or for

other reasons the medical attendant deems the retention of the corpse a

danger to the health of the inmates of a house, he can obtain an order from
a magistrate for its removal to the mortuary, and its burial from thence

:

and it is much to be desired that public mortuaries were largely and
voluntarily used for the deposit of corpses between death and burial,

irrespective of social position, of accommodation, or the nature of the
disease.

The practice in Munich and the arrangements of the magnificent
mortuary of that city, where rich and poor alike " lie in state " mid sur-

roundings suggestive rather of a sacred edifice than of the dead house and
post-mortem room, well deserve study and imitation. It bears no resem-
blance to that "chamber of horrors" the Morgue at Paris, the purpose
of which, to preserve unclaimed bodies as long as possible, is entirely
different.

Disinfection of Room, etc.—The common method of aerial disinfection by
means of sulphur is very inadequate. Whatever efficacy it appears to have
is doubtless due to the thorough and prolonged influx of fresh air which
follows its use. The object of disinfection is to kill the germs adhering
to the walls and floors, accumulating in the dust deposited on ledges,

cornices, and furniture, and lodging in the folds of woollen fabrics and the
stuffing of bedding, chairs, etc., just the places where they are least accessible

to gaseous agents.
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The first step is to have all washable fabrics plunged in boiling water
for a quarter of an hour or twenty minutes ; and mattresses, beds, bolsters,

pillows, and, if such have unfortunately been left in the room, all quilts,

carpets, rugs, and the stuffing of easy-chairs, packed up for transmission

to the disinfecting station. Next, the floor should be well washed, in fact

swilled, with 1 in 1000 sublimate solution, care being taken to saturate the
interspaces between the boards, and the walls sprayed with the same by
means of a garden syringe or other apparatus, or simply washed down with
a cloth or mop. The ledges over the door and window frames and the
wood-work of the sashes should be washed with a cloth dipped in the
solution, and the furniture treated in the same way. The ceiling should
then be limewashed, special care being paid to ornamental cornices, roses,

and other decorative work that no part shall escape the application. The
room should then be left with the windows open for a day or two, after

which the ceiling may be whitewashed or papered ; the walls, if papered,

stripped and repapered; and the floor scrubbed with soap and soda, which will

convert any remaining sublimate into, a non-volatile and insoluble com-
pound. A fresh coat of paint to doors and windows would be a further

security. Fenders, fire-irons, and metal work generally, which would be
spoiled by the sublimate need only be well polished.

Where a proper steam disinfecting oven is available, all beds, carpets,

and such-like should be sent there, or if there be none available the ticking

and cases must be boiled
;
good hair or feathers may be steeped in a 1 in

1000 sublimate solution for half an hour and then washed in pure water,

but flock or cheap hair and mixed stuffings are far better burnt.

Legislation.—The various enactments bearing on the prevention and
repression of infectious diseases will be referred to in the article " Sanitary

Law."

LITERATURE.— S. Rideal, D.Sc, Disinfection and Disinfectants, Lond. 1898, and
Behring, Rekdmpfung der Infectionskrankheiten, Leipzig, 1894, are the most recent text-

books or summaries of the science and art. All work prior to 1890 has now little more than
historic value. For current progress and research see Mitt, und Arb. a. d. k.-k. Ges. Amt

;

Arch, und Zts. f Hyd. ; Gior. d. Soc. R. d' It.; Lo oper. ; Rep. of Med. Officers of L. G. B. etc.
;

and as a digest and index to all, the Hyg. Rundschau.

Dislocations. See Individual Joints, e.g. Ankle, Elbow, etc.

Dissection Wounds. See Wounds.

Disseminated Sclerosis. See Paralysis.

Distomiasis. See Parasites.

Diuretics.—A diuretic is usually defined as an agent which
increases the elimination of urine. Such a definition is a convenient

clinical one, but we must bear in mind that in certain diseases, e.g. granular

contracted kidney, the failure in excretion is one in the elimination of solids,

and not in the discharge of water, and in such cases there are important
indications in connection with the daily intake of nitrogenous ingredients.

The difficulties that invest this subject either from the pharmacological

or clinical point of view are considerable. They depend largely on the fact

that very considerable variations in the total excretion of urine occur not

only in health, but also in many diseases,—variations which are apparently
quite independent of the dietetic or other treatment in operation.
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Thus in health we find variations occurring quite independent of the

amount of fluid ingested, and also independent of the amount lost by the

various other channels, these variations depending on the varying activity

of the renal structures.

The mechanism of renal secretion will be fully discussed in the article

" Kidney "
; here it will suffice to give a general outline of the factors which

are concerned in diuresis, at the same time indicating the different points

that call for consideration in seeking to estimate the potency of an agent

with supposed diuretic influence.

As a proof of the very marked variations in the amount excreted from

day to day, quite independently of the employment of any agent of supposed

diuretic influence, the following figures may be quoted :

—

Case I. Case II.

June 8, 1200 c.c. urine. Oct. 29, 1865 c.c. urine.

, 9, 1352

, 10, 1700

,
11, 1305

, 12, 990

, 13, 1645

„ 30, 1950

„ 31, 2375
Nov. 4, 2470

These are taken from the middle of a series of detailed observations on the

urine of two hospital patients under similar treatment from day to day, and
one can readily imagine from these figures that a powerful diuretic influence

might be attached to a drug employed at a time when the renal secretion

was low. The cause of these variations is unknown, but their existence

must be recognised when seeking to define the diuretic action of any remedy
in use.

There are many things which have to be carefully considered in con-

nection with the subject of diuresis, and there are many points of difficulty

in their consideration—points depending on our want of accurate knowledge
of the agencies concerned in the renal secretion in health as well as

disease.

The force, driving the blood through the kidneys has first to be con-

sidered. This has in great measure to be determined by the state of the

general blood-pressure as estimated by the pulse. We must, however, bear

in mind that there may be increased vaso-motor tone in the kidney, of

local origin, dependent upon alterations in the splanchnic area, and it is

interesting in this connection to note the close relationship which has been
shown by Hill to exist between the splanchnic area and the regulation of the

cerebral circulation. As an instance of diuresis resulting from general

increased arterial tension we have the influence of cold.

Then the state of the blood itself has to be considered. It may be that

the variations in the amount of urine excreted from day to day in some
cases of gout are largely dependent on the relative amount of toxic material

present. Apart from the presence of toxic substances, excess of uric acid

in the blood and the amount of salts require consideration, and will be
referred to later. The condition of the kidneys themselves is a further point

meriting very careful consideration. On the one hand there may be some
defect in the state of the secreting structures in the glomeruli and the

tubules, or some obstruction in the excretory channels ; or, on the other
hand, the permeability of the kidneys may be impaired, or there may be
interference with the venous circulation. While all these factors have to

be borne in mind, it is exceedingly difficult and frequently impossible to

determine which of them has been at fault, or, in other words, which of



DIUKETICS 37

them has been influenced, and how, by the diuretic used in any given case.

In disease we may find a greater permeability associated with diminished
velocity, and obstruction to the discharge from the kidney.

Diuresis may occur through an elevation of the arterial tension, through
an excess of water, or by an excess of salts.

The ingestion of water probably acts in a complex manner : the total

bulk of the blood is augmented, tissue metabolism is modified, with resulting

increased excretion of waste products, and the renal capillary pressure is

raised. An excess of salts acts similarly, but in different directions : here

fluid is withdrawn from the cells, thus tending to increased total bulk of

that fluid ; further, the osmotic pressure is increased, and the general meta-
bolism as well as renal metabolism influenced.

It has been thought that one reason why potassium salts are more
powerful diuretics than sodium salts depends on the fact that the former
are naturally less abundant in the blood, and are therefore more stimulating

and active on account of their greater diffusive power.

The action of alkaline and acid salts differs somewhat from those of the

neutral ; the former increase production of urea, which being a stimulant to

renal excretion promotes diuresis. Acid salts tend to diminish urea pro-

duction, but induce a flow of alkaline fluid from the tissues, and thus
increase the amount of salts and water in the blood with resulting diuresis.

The compounds of the xanthin group, notably caffeine, act by modifying
renal metabolism, and by also stimulating the circulation.

Indications for the use of Diuretics.—Diuretics are so frequently in-

dicated in various cardiac, respiratory, and renal diseases, and also in many
conditions of general disordered metabolism, that only a few general state-

ments need be quoted.

The first essential for the clinician in all cases is to endeavour to gauge
the state of the kidney itself and the state of the cardio-vascular system.

This has to be done by a detailed general examination of the subjective and
objective symptoms present in each case.

In all cases, moreover, it is advisable that the functions of the auxiliary

excretory organs be judiciously promoted. The use of a vegetable purgative

pill, or calomel in pill form, with an occasional morning saline, and the use

of hydro-therapeutic remedies to promote the skin function, are very

important aids to treatment.

If, after consideration, the conclusion is arrived at, that the defective

secretion results from low vascular tension, digitalis, or a similarly acting

body, is the remedy par excellence. A prescription like the following can be

commended :

—

9 Potass, citrat. . . . gr. xxx.
Spir. chloroformi . . . taxx.

Tinct. digitalis . . . "Ix.

Infus. buchu . . . gss.

Dose for an adult, t. d. s., to be followed by a copious drink of water.

The foregoing illustrates how we may advantageously combine diuretics

of different classes, the digitalis acting mainly through the general blood-

pressure, the potash and buchu acting on the kidney structure, directly

aided, in the case of potash, by alterations in general tissue metabolism.

Citrate of potash or lithia alone, or in combination with buchu or scopar-

ium as a vehicle, may be mentioned as suitable drugs in cases where a

vascular diuretic is not indicated.

The nitrites in large doses are also serviceable remedies, their exact mode
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of action being unknown. As previously mentioned, the diuretic action of

plain water either alone or following the use of diuretic drugs cannot be too

strongly emphasised. As a general rule it should be taken on an empty

stomach at set times, three or four times daily, in quantities varying from

one-half to one pint or more.

Diver's Paralysis. See Spinal Cord.

Double Consciousness. See Unconsciousness

Drainage . See Sanitation.

Dreams. See Sleep.

Dressings.
See also Aseptic and Antiseptic Treatment of Wounds,

Bandages, First Aid, Splints

The question of the most suitable dressing for wounds sustained accidentally

and intentionally inflicted received no final answer until a comparatively few

years ago, when the principles and details of aseptic surgery were definitely

elaborated. Many factors conspired to achieve this result,—such as the inven-

tion of the microscope, and the discovery of the germ theory, with its widely

ramifying and important results,—but of all of them, the work of Lord Lister

is paramount. His conception, founded upon a true scientific basis, and ex-

panded on practical lines, which resulted in the employment of antiseptics,

has been the means of advancing the rational treatment of wounds to its

present and apparently final position ; and the aseptic treatment of wounds
has followed so rapidly upon the antiseptic treatment of wounds that there

are to be found surgeons who treat their wounds upon the older lines, and
text-books written but a few years ago by representative surgeons enun-

ciate doctrines which to-day appear to be heretical to the modern aseptic

surgeon.

In a practical work, a history of the endless variety of dressings which

have been used from the earliest times is out of place, but those curious on

this subject will find information in almost any surgical work published

prior to the pre-Listerian era. Day by day the rivalry between different

antiseptic dressings grows less keen as the real value of the aseptic dressing-

is appreciated. Accordingly, the subject of surgical dressings becomes
restricted to an account of the methods of obtaining a sterilised dressing,

and a description of those comparatively few conditions in which an anti-

septic dressing is more suitable.

With regard to the dressing of wounds which are expected to run an
aseptic course and to heal by first intention, there is still some difference of

opinion among surgeons. The difference lies in this, that one group of

surgeons, feeling incredulous as to the possibility of having the skin aseptic

in the neighbourhood of a wound, consider it necessary to apply to the

wound an antiseptic dressing, one which,on account of its antiseptic properties,

will prevent the development of pyogenic organisms in the vicinity of, or

actually in the wound ; while the other group of surgeons, relying upon then-

attempts to render the vicinity of the wound and the wound itself aseptic,

content themselves with employing a dressing which has merely been
sterilised. If this latter view is the correct one, then it of necessity follows

that the subject of surgical dressings as applied to wounds believed to be



DEESSINGS 39

aseptic and expected to heal by first intention becomes very much narrowed
down. It therefore matters very little what is the nature of the dressing,

so long as its chief function is fulfilled, viz. that of shutting off the wound
from the bacterial world until it is healed. As a matter of fact gauze is

the material almost invariably selected, for, owing to its texture, it

permits of easy sterilisation. It is comfortable, and readily absorbs
any oozing from the wound, but any linen or cotton fabric is almost as

suitable.

Those surgeons, i.e. the large majority of surgeons, who advocate a
simple sterilised dressing for a wound do so for the following reasons :

—

1. As both the wound and the dressing are aseptic, suppuration cannot
occur in the wound unless pyogenic organisms are introduced from without,

and a dressing of almost any material, if properly prepared and applied,

will prevent this.

2. If pyogenic organisms have, during the operation, been introduced
into the wound, an antiseptic dressing on the wound will have as little

effect as an aseptic dressing in preventing their development.

3. The use of an antiseptic in the dressing is apt to be relied upon, and
to diminish the stringency of the precautions which must be taken to secure

true asepsis.

4. Its simplicity in preparation.

The preparation of the gauze, or other material, can be efficiently and
rapidly carried out in hospital practice, more especially if the operating

room is provided with a steam steriliser ; in private practice aseptic gauze
has advantages over any antiseptic dressing, which at the time of use may
actually be septic, and nothing is more readily obtained in even the smallest

cottage than a pan of water in which the dressing may be boiled and sterilised

in ten minutes, and also from the fact that there is no antiseptic in the

dressing which may be relied upon, it is probable that all the other pre-

cautions which are taken before an operation to secure asepsis will be more
carefully and thoroughly carried out. It is well to apply to the wound
several layers of gauze, covered by absorbent wool sufficient in quantity

to enable equable pressure to be applied, to add to the comfort of the patient

by preventing irritation or chafing from the bandage, and to further diminish

the risk of pyogenic organisms from without coming in contact with

the wound. And, after all, it will happen in only exceptional cases

that infection of an accurately closed aseptic wound by pyogenic organ-

isms from without will produce more than superficial suppuration in the

wound.
In the event of asepsis not being maintained during the healing of the

wound the typical symptoms will appear—pain and discomfort in the wound,
and possibly a rise of temperature, which will be an indication that the

wound requires to be dressed. If the septic change is due to a stitch abscess,

removal of the offending stitch and the application of an antiseptic dressing

may be sufficient to prevent further infection of the wound ; this dressing-

should, so long as there is any trace of sepsis, be changed daily. For this

purpose double cyanide or carbolic gauze may be used, and some surgeons

put a layer of aseptic gutta-percha tissue or jaconet over the wet gauze to

further the absorption of pus from the wound. If the septic mischief is in

the deeper parts of the wound several stitches should be removed, the septic

part of the wound swabbed with iodoform gauze, and a similar dressing

applied ; so long as the wound remains septic, it should be swabbed daily

with iodoform gauze, and a very successful method of preventing the dis-

charge accumulating in the wound is to introduce into the wound a few
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strands of sterilised worsted which may be impregnated with aseptic iodoform.

Mr. Stiles of Edinburgh has done much to popularise the use of worsted in

the treatment of wounds requiring drainage. It may be mentioned here

that iodoform is not always aseptic ; and its asepticity may be secured by
keeping it in a 1 in 1000 solution of corrosive sublimate, no chemical change

takes place ; and the vessel containing the iodoform should, from time to

time, be shaken up in order that the iodoform and the corrosive sublimate

may be thoroughly mixed.

In wounds which are not expected to heal by first intention, i.e. those

wounds in which a drainage-tube is necessary ; those wounds in which, as in

emergency operations, there is some doubt as to their complete asepticity
;

those wounds, such as those left after curetting for lupus, in which the edges

are not in contact ; those wounds which cannot be with certainty rendered

aseptic before or during the operation—to such wounds it is advisable to

apply a dressing which contains an antiseptic in such quantity as to be

effective without being irritating, and for this purpose the double cyanide

or carbolic gauze may be used, or better still, gauze which has been first

sterilised and then wrung out of an antiseptic lotion, such as carbolic acid

1 in 40, lysol 1 in 100, or biniodide of mercury 1 in 1000. (It is almost

superfluous to point out that an antiseptic dressing is deprived of its anti-

septic value if it is impregnated with an antiseptic before sterilisation ; for,

during the process, the volatile antiseptic is driven off.) In such cases,

it is well to change the dressing soon after the operation—on the following

day at latest—for the antiseptic dressing becomes valueless as such so soon

as the antiseptic volatilises. It is a mistake to apply large quantities of

absorbent wool over a wound for the sake of soaking up the discharge from

it, except in those cases, such as psoas abscess and erupyaenia, in which the

discharge is likely to be very profuse ; and the practice of putting a quantity

of absorbent wool as a pad on a dressing which shows signs of the discharge

being " through " is to be deprecated, for, under such circumstances, the

development and growth of pyogenic organisms is encouraged.

Summarising, then, it may be stated that in the case of wounds believed

to be aseptic, in which the surrounding skin is believed to be aseptic, and
which are meant to heal by first intention without the employment of a

drainage-tube, and even, also, in the case of septic wounds which are

believed to have been rendered aseptic during the operation, the best

dressing consists of several layers of sterilised gauze, covered by absorbent

wool and retained in position by a bandage. In wounds in regions in

which it is no easy matter to render the skin aseptic, and where the dress-

ings are apt to be soiled—such as the inguinal region—and in wounds not

expected to heal without suppuration, it is advisable to apply a dressing of

several layers of gauze which have been first sterilised and then dipped in

one of the antiseptic lotions alluded to above. As manufacturers do not

supply antiseptic dressings which have been previously sterilised except

when specially ordered to do so, and even then, as their methods cannot
be so reliable as those of a surgeon or of a trained assistant, it is to be

recommended that the preparation of the gauze be carried out under the

surgeon's immediate observation.

I am indebted to Messrs. J. F. Macfarlane and Co. of Edinburgh (in

whose works Lord Lister spent much time when endeavouring to produce
a cheap and antiseptic dressing, and who were the first manufacturers to

place such an article upon the market) for the following list of antiseptic

dressings arranged in the order in which they are demanded.
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Percentage Percentage
Gauzes. of

Antiseptic.
Absorbent Lints—cont. of

Antiseptic.

1. Double Cyanide 3 4. Sublimate i.
4

(Mercury and Zinc) 5. Sal Alembroth . 2
2. Carbolic .... . 5 6. Double Cyanide . 3
3. Iodoform .... . 10-20
4. Sal Alembroth 1

5. Sublimate . 2 Absorbent Wools.

6. Boric ....
7. Salicylic .... . 20

. 4
1.

2.

Sublimate
Sal Alembroth

X
t

2

Absorbent Lints.
o

4.

Salicylic ....
Boric .... . 4-10

. 35
1. Boric .... . 45 5. Carbolic .... . 5

2. Carbolic .... 5 6. Double Cyanide 3

3. Iodoform .... . 10 7. Iodoform .... . 10

Though the same general principles underlie the application of dressings

to any part of the body, whether for disease or injury, it occasionally happens
that some modification is necessary, whether on account of the nature of

the wound or the part in which it occurs.

1. Dressings for injuries to and after operations on the eye require,

owing to the sensitiveness of that structure, to be of a non-irritating

nature. Weak lotions are used here, and the antiseptic dressings employed
are those in which the antiseptic is mild, such as boric lint or gauze, or

those in which the percentage of antiseptic is low.

2. Dressings for the perineum and genital organs should contain an
antiseptic, owing to the difficulty of securing asepsis of the parts, and owing
to the risk of infection of the wounds by the fseces or urine.

3. For artificial anus and faecal fistula carbolised tow is the dressing in

general use ; it is admirably absorbent, and the tar which it contains is most
efficient in concealing or disguising the fsecal odour.

4. Dressings for wounds from which the discharge is copious—such as

empyaema and psoas abscess—should be abundant and antiseptic to arrest,

as far as possible, the development of pyogenic and other organisms.

5. Dressings for syphilitic sores should, in addition to the employment
of an antiseptic dusting powder, such as iodoform or calamine, be im-
pregnated with a mercurial antiseptic, and there is none better than corrosive

sublimate. Black mercurial lotion is also used extensively for syphilitic sores.

6. Dressings for various diseases of the skin will be described in detail

in the proper place. There can be little doubt that antiseptic dressings for

those skin diseases in which pyogenic organisms are present have scarcely

received that recognition from dermatologists which they deserve. It is

unfortunate that the majority of chemists cannot be relied upon to dispense

ointments the asepticity of which is undoubted; and, in those cases, e.g.

the various forms of eczema, more rapid healing might often result if the

ointment which might happen to contain no antiseptic were aseptic, but

this can rarely be the case.

Certain untoward results occasionally follow the injudicious employment
of certain antiseptic dressings, or the employment of antiseptic dressings on

certain individuals of peculiar idiosyncrasy. Similar results sometimes occur

after the use of antiseptic lotions.

Boric acid may produce a localised erythema; in exceptional cases

it has occasioned a widespread erythema. Its internal use is much more
likely to cause toxic symptoms.

Carbolic acid should never be used in such concentration as to have a

local irritating effect ; but as a lotion, and in the olden days when the
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carbolic spray was in everyday use, it not infrequently produced severe

local and general symptoms, e.g. carboluria, which have proved fatal. The
hands of some are very susceptible to carbolic acid as a lotion for instruments,

rendering the skin hard and liable to crack,and therefore hard torenderaseptic.

Salicylic acid, as an antiseptic dressing for wounds, is even more irritat-

ing than carbolic acid, and forms of eruption may be produced by its use,

even in small percentages (erythematous, urticarial, vesicular, petechial, etc.).

Corrosive sublimate, when used in dressings, may cause much irritation

of the skin, and it is not uncommon to find parts which have been prepared

for operation by the application of a wet corrosive dressing covered with

an erythematous eruption in which many minute pustules are present.

Some hands are peculiarly susceptible to it, and its use by instrument-

dressers not infrequently produces a painful condition of the matrix of

the finger-nails. Corrosive sublimate cannot be too carefully used as a

lotion for douching wounds or mucous surfaces, for, by its absorption, it

readily produces toxic symptoms.
Iodoform may produce a rash of an erythematous, vesicular, or bullous

character ; and the idiosyncrasy of certain individuals is very marked in

the use of this antiseptic. Wounds which have been stuffed with an

iodoform dressing, or cavities—such as tuberculous joints—which have been

filled with an iodoform emulsion, occasionally result in the appearance of

an erysipelatous rash, which rapidly disappears on the withdrawal of the

antiseptic ; but there are on record many cases which have resulted in

death by the absorption of iodoform.

A not unimportant aspect of surgical dressing is that of rendering first

aid to the wounded. There are now many thousand men and women in

Great Britain who have received certificates of proficiency from the St.

John's or the St. Andrew's Ambulance Association, and who consider them-
selves qualified (among other things) to apply a temporary dressing to those

who have sustained wounds. The lecturers of those associations cannot be

sufficiently impressed with the importance of teaching their pupils the

value of interfering as little as possible with wounds, and instead of washing

them out, even with an antiseptic lotion, of merely covering them with an

aseptic dressing, however homely, which can be rapidly and easily obtained.

Von Bergmann found in the Eusso-Turkish war that in 15 selected cases

of compound comminuted fracture at the knee-joint, thorough disinfection

of the surrounding skin, the application of a salicylic gauze dressing and a

plaster of Paris splint proved sufficient for 14 to heal without suppuration.

For the temporary treatment of wounds on the battlefield, it can

scarcely be expected that an aseptic dressing will be at hand, and army
surgeons have usually to employ an antiseptic dressing, but it is desirable

that those dressings should be first sterilised.

LITERATURE.—1. C. Schimmelbusch. The Aseptic Treatment of Wounds. Trans, by
A. T. Rake. Lewis, London, 1894. Contains a good bibliography.—2. C. B. Lockwood.
Aseptic Surgery. Y. J. Pentland, 1896.—3. W. Watson Cheyxe. Antiseptic Treatment of
Wounds. Smith, Elder, and Co., 1S85.—4. Drug Eruptions in Monographs on Dermatology.
New Sydenham Society, 1893.

Dropsy.—Dropsy is defined as the accumulation of fluid in the

subcutaneous tissue and serous cavities of the body.

Various terms are applied to this condition as met with in different

situations, e.g. ascites, hydrothorax, hydrocele, and hydrocephalus. The
terms oedema and anasarca are also employed, the former indicating local

dropsy in the subcutaneous tissue, the latter widespread general dropsy.
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Dropsy is a symptom, and is usually associated either with primary
cardio-vascular or renal disease. In both instances the diagnosis of the

case can readily be arrived at. Although occasionally there are mixed
cases, where the cardio-vascular lesions are secondary to renal disease, cases

are occasionally seen with well-marked drops of the lower extremities, appar-

ently of causeless origin. One such case, a girl of sixteen, has come under
the writer's observation. Here cardiac and renal diseases could be excluded.

Similarly filariasis, and a careful pelvic and other examination revealed

nothing that might by pressure or otherwise produce the disease. The
treatment of this case was as unsatisfactory as its nature was doubtful.

The significance and treatment of dropsy will be considered in the articles

dealing with the " Heart " and " Nephritis," and the local dropsies under
their respective headings.

The only outstanding local dropsy meriting special attention is ascites,

and this is fully considered in vol. i. p. 351.

The object of the present article is to give a general outline of the

etiological factors at work in the production of dropsy.

Although much could be written on this subject, we know comparatively
little of definite practical importance. Every clinician is familiar with cases

of advanced cardio-vascular disease without dropsy, and of other cases less

serious in nature where oedema may be a prominent feature. The same
can be said of various forms of kidney disease, and so far, there is no
adequate explanation forthcoming for these anomalies. The question really

resolves itself into the fundamental one of the primary factors concerned
in the movement of lymph, and then to a consideration of the influence of

various diseased states on these different factors. On neither of these

points can final and complete statements be made. The physical and
chemical natures of the fluids are discussed elsewhere. 1

The agencies at work in promoting the movement of lymph will be
considered under " Lymphatic System," and it will suffice to indicate here

the directions in which these agencies may be modified.

For convenience these will be stated categorically, but in nature no
such arbitrary line can be drawn, as not one but many factors are frequently

at work in any given case.

I. Cardio-vascular Disease.— Any condition which induces either

increased forward (arterial) pressure, or an increased backward (venous)

pressure, especially the latter, predisposes to the occurrence of dropsy. In
both cases the primary cause is probably a vital alteration in the capillary

endothelium, and in both, physical causes the results of pressure are also at

work. Experiments have shown that obstruction to the venous return in

a limb even when complete is not sufficient to induce dropsy, as the

lymphatic system possesses a remarkable compensatory power.

If the increased venous pressure is associated with an increased afflux

of arterial blood, such as might arise from vaso-motor disturbance, the

tendency to dropsy is much increased.

In all such cases the influence of any associated altered quality of the

blood, whether due to a simple hydremia, presence of salts in excess, render-

ing diffusion more easy, or the presence of various toxic bodies, has to be

carefully considered.

A watery state of the blood alone has been shown by experiment to be

insufficient to produce dropsy until the hydrsemic condition has lasted a

sufficient time to alter the vitality of the endothelium. Various other

experiments have been made by physiologists on the effects of the injection

1 See "Fluids" (Pathological).
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of glucose and other bodies into the blood-stream, and the results go far to

indicate the important part played by altered states of the blood.

II. Lymphatic System.—With regard to the lymphatic system experi-

mental observations have shown that obstruction to a lymphatic trunk is

not in itself sufficient to induce dropsy if the other parts of the vascular

system are intact.

III. Nervous System.—The influence of the nervous system is undoubted,

but the exact mode of action is uncertain. We know that there are at

least two directions in which the nervous system may act: (a) Througli

alteration of the vaso-motor mechanism involved; (b) in virtue of the trophic

influence on the tissues. Of these two the latter, although more indeter-

minate, is probably the more important, and it is to differences in the

vital absorbent power of the tissues that we must mainly look in explana-

tion of the occurrence of dropsy in many cases.

Local dropsies have, as a rule, local causes, but apart from the influence

of gravity and the presence of a definable obstruction of a vessel, as by a
thrombus, in every case it is advisable to think of, seriatim, the nature of

the arterial afflux (of the local pulse), the freedom of the venous return,

the absorbent power of the tissues, especially the endothelium and the

general neuro-muscular tone of the individual.

Diagnosis.—While the recognition of dropsy is easy, great difficulty is

frequently experienced in apportioning due significance to the important
causal agents in any given case. It is important to recognise this with a

view to accurate prognosis and successful treatment. Great regard should
be paid to the state of general blood-pressure, and the working power of

the right and left heart should be separately investigated. The existence

of toxic bodies in the blood may frequently be inferred from the quantity
and quality of the urine voided, corroborative evidence being obtained from
a study of the case as a whole, and especially the state of the central

nervous system.

Prognosis.—This depends entirely upon the cause and upon amenability

to treatment. A consideration of the various points referred to under
diagnosis are of first importance.

Treatment.—The first indication is to test the cause, and if dependent
on any specific toxic body, e.g. beri-beri, the treatment appropriate to that

disease must be adopted. Otherwise the treatment must be conducted on
the general Lines indicated by the diagnosis.

Complete rest in bed, judicious use of bandages, and the use of various

cardiac tonics, and careful attention to the functions of the skin, bowels,

and kidneys, are the remedies of greatest service. An occasional saline is

the best form of purgative. It is also advisable to limit the amount of

fluid ingested, and in severe cases benefit is obtained by aspiration (q.v.)

or by the use of Southey's tubes, care being taken to use these remedies
under very careful aseptic conditions ; other appropriate general or nervine
tonics are called for.

Dropsy, Epidemic.

See also Beri-beri.

Between the years 1877 and 1880 there broke out in Calcutta a peculiar

disease to which the term epidemic dropsy was applied. The disease only
occurred during the cold weather, and a similar outbreak was noted in

Mauritius and Assam in 1878, and at Dacca and South Svlhet in the cold
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season of 1878-1879. The best account of the condition has been given by
M'Leod, who described the cases as seen in Calcutta.

The mortality there was as high as 20 to 40 per cent, while in the other

districts the mortality was trivial in comparison with these figures.

At the time of its occurrence the condition was regarded by many to

be merely that type of beri-beri in which dropsy is a pronounced symptom,
the nervous phenomena being very slightly marked, but M'Leod concluded
that it was a distinct entity. As no further outbreaks have been recorded,

our knowledge of the disease has not increased. Little is known regarding

the morbid anatomy and etiology, but the fact of its communicability and
the histories of the successive outbreaks furnish evidence in favour of a

germ theory.

The disease ran a course of from three to six weeks. Dropsy, ansemia,

and fever formed the cardinal symptoms, these usually being accompanied
by great general weakness, wasting, breathlessness, diarrhoea, vomiting, and
various nervous symptoms. The amount of anaemia and dropsy present

gave rise to the term acute anaemic dropsy. The dropsy was usually, but
not invariably, preceded by the febrile and other symptoms hereafter

referred to. The onset of the oedema was sudden, and first showed itself in

the legs, and in severe cases soon became general, with the development of

extensive pleural and pericardial effusion with oedema of the lungs. A
distinct tendency to recurrence of the dropsy after its disappearance was
noted in some cases. A remittent type of fever was present, not usually

high, but varying from 99J° F. to 102° F., and the time of its occurrence

bore no apparent constant relationship to the development of the dropsy.

Alimentary disturbances, notably diarrhoea and vomiting, and also nervous

symptoms, e.g. anaesthesia of the skin, itching, and paresis of muscles, were
occasionally met with, but were not common. An erythematous skin

eruption not infrequently appeared about a week after the oedema. In
fatal cases death was sudden, and was due to the pulmonary and cardiac

complications.

The points on which stress was laid in support of the view that the

disease is distinct from beri-beri are :—The acuteness of the affection ; the

presence of well-marked fever, and the skin eruption; but it must be

admitted that further information is wanting before the distinction can be

fully and finally drawn {vide " Beri-beri ").

Treatment.—From our ignorance of the cause, treatment must be

conducted simply on the general medical principles laid down in that article.

LITERATURE.—M'Leod. Trans. Epid. Soc. vol. xii.—Manson. Tropical Disease, 1898.

Drowning. See Asphyxia and Medical Jurisprudence.
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Antifebrin, Antipyrin, Argenti nitras,

Arsenic, Belladonna, Benzoin, Boric
acid, Bromides, Cannabis indica,

Chloral hydras, Copaiba, Cubebs,
Ergot, Iodides, Iodoform, Mercury,
Morphin, Quinine, Salicylic acid,

etc., Sulphonal, Tar

Antitoxin Hashes, etc. . . 57

See also Bromism, Dermatitis Traumatica, Toxicology.

That eruptions follow the external or the internal use of drugs in certain

classes of individuals is a fact with which all dermatologists are familiar

;
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but in the intensity of the reaction produced variations occur within wide

limits, so that, in conjunction with the personal idiosyncrasy, frequent

modifications of type may be expected, and, indeed, are almost invariably

found. In certain persons the exhibition of a given drug in any form acts

as a poison, while in others, and probably the majority, no toxic effects are

produced ; and it must be borne in mind in this connection that the

occurrence of certain constitutional diseases modifies in a marked degree in

many cases the reaction which occurs during administration, or even pro-

duces a sort of immunity—in other words, creates in the individual a certain

tolerance which could not be acquired under the normal conditions of

freedom from disease. This is best exemplified in the increased resisting

power to the action of both mercury and fche salts of iodine shown by the

vast majority of syphilitic patients. It is obvious, therefore, that in con-

sidering the general question of drug eruptions, two most important factors

must be constantly borne in mind : first, the natural, or acquired, immunity

enjoyed by certain individuals; and, secondly, the peculiar susceptibility

from which other persons suffer—the cause in either case being equally

undetermined and indeterminable.

Drug eruptions are divided by natural lines into two great classes : (a)

the traumatic dermatoses, those produced by the action of irritant or

poisonous substances coming in direct contact with the skin, which may be

parasitic, animal, vegetable, or inorganic in nature; and (b) the toxic

dermatoses, those cutaneous manifestations which follow in certain indi-

viduals the internal administration of various drugs. The former class will

only be incidentally alluded to here, as it has been already dealt with (see

" Dermatitis traumatica ") ; and our attention may therefore be wholly fixed :

(A) On the nature and varieties of the eruptions produced by the ingestion of

medicinal substances ; and (B) in detail, on the various more important drugs

associated with the occurrence of skin lesions. It is clear that in an article

of this scope no exhaustive treatment of the subject is possible, and therefore

only the more frequent forms of drug eruption will be dealt with.

A. Considering the variety of substances which in their assimilation or

elimination are capable of giving rise to such eruptions, it is not a matter of

wonder that the forms assumed do not conform to any one type, but are in

the widest degree polymorphous and interchangeable. Thus similar lesions

may be produced by different drugs in different individuals : or eruptions

widely different produced by the same drug in persons whose individual

susceptibility defies computation. In fact in these cases no class of skin

lesion has been left unexampled ; and, while in the majority of cases they

are erythematous in type, they are capable of all the variations which are

met with in that large and inconstant group. They may simulate the acute

exanthems of measles, variola, scarlatina, or rbtheln ; they may mimic with

startling accuracy the forms of cutaneous erysipelas ; they may be erythe-

matous, papular, urticarial, vesicular, pustular, bullous, or even gangrenous,

according to the degree of reactionary inflammation elicited in the given

individual. Hence, in many instances, the difficulties which surround the

diagnosis and the errors into which those unacquainted with the poly-

morphous lesions have been led. Thus cases have been recorded in which

fatal results followed the administration of the iodides, the patients succumb-

ing to a bullous and gangrenous dermatitis induced by progressively

increasing doses administered for the cure of an imaginary syphilide.

The following tabular list, in which the effects following the external

application of drugs have been compared with those resulting from their

internal administration, may prove useful for purposes of references :

—
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i. Erythematous

ii. Papular, Vesicular, Pus
tular {mixed, confluent,*

and exaggerated forms)

iii. Urticarial

iv. Pigmentary

Types of Eruption. Drugs associated with their Occurrence.

'(a) From External use.—Aconite, Arnica, Balsam of
Peru, Boric acid, Carbolic acid, Chrysarobin,
Croton oil, Iodoform, Oil of cade, Tar, Tur-
pentine.

(b) From Internal use.— Antipyrin, Antitoxin,
Arnica, Arsenic, Belladonna, Boric acid, Bro-
mides, Chloral hydrate, Copaiba, Cubebs,
Hyoscyamin, Iodides, Morphin, Quinine, Phen-
acetin, Rhubarb, Salicylic acid, Stramonium,
Sulphonal, Tar, Turpentine.

r
(a) From External use. — Aconite, Antimony,

Arnica, Bichromate of potash, Cantharides,
Carbolic acid, Chrysarobin, Oil of cade, Croton
oil, Iodoform, Ipecacuanha, Mercurial salts,
Ehus toxicodendron ("poisoning"), Sulphur,
Tar, Terebene, Thapsia.

(b) From Internal use.— Aconite, Antimony,
Arsenic, Borax, Bromides, Cannabis indica,
Chloral hydrate, Copaiba, Cubebs, Digitalis,
Ergot, ' Iodides, Iron (principally the iodide),
Quinine, Sulphur, Terebene.

c(a) From External use.—Aconite, Balsam of Peru.

J (6) From Internal use.— Antipyrin, Antimony,
I Bromides, Copaiba, Iodides, Quinine, Morphin,
l. Santonin, Sulphonal.
Ua) From External use.— Chrysarobin, Picric acid.

I

(b) From Internal use.—Argenti nitras, Arsenic,
I Antifebrin.

Eegarding the etiology of these eruptions but little is definitely known.
It has been held that they are due to an elimination of the toxic substances
themselves, or of some subtle compounds formed from them in the tissues,

by means of the cutaneous glands, especially the sebaceous follicles ; and
support of this view has been sought for in the fact that the tendency
towards the development of such lesions is largely aggravated in cases of

renal or cardiac inadequacy. This, which means a compensatory eliminative

activity of the skin glands, presupposes a certain degree of saturation of the
system with the drug ; but clinical experience goes to prove that toxic

dermatoses are just as likely to occur in cases where only a few, and those

minimal, doses have been given, as in cases where a certain amount of

accumulation has taken place from prolonged and continuous administration.

Stress has also been laid on the fact that in some cases traces of the offend-

ing drug {e.g. bromine, iodine, etc.) have been detected in the secretions of

the skin ; but these observations have by no means been universally con-

firmed, which would be essential to the establishment of the postulate;

while in nearly all cases evidence of the elimination of the drug in the
urine can be obtained. Further, histological examination has shown con-

clusively that the cutaneous lesions are not confined to, or even mainly
manifested in connection with, the glandular apparatus of the skin. The
neighbourhood of the blood-vessels shows the most pronounced changes:
general hyperemia, and small multiple inflammatory areas, which often

become abscesses of microscopic size ; while the glandular structures—the
coil glands, and more especially the sebaceous glands—are only to a small
extent, and that secondarily, affected. It may also be pointed out that the

distribution of such rashes is often, indeed in the majority of cases, confined

to a limited area, and does not present the universality of a circulatory

poison ; and Morrow has drawn attention to the fact that very many of the
drugs associated with skin eruptions have a known influence upon the
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nervous system, either by direct action upon the peripheral nerve endings,

or on the neuro-vascular centres. We are therefore driven by a process of

exclusive reasoning to the conclusion that in all these exanthematous rashes

produced by drugs we have to deal with " a vaso-motor neurosis either from

reflex irritation (i.e. from the peripheral nerve endings) or from direct action

on the vaso-motor centres " (Crocker). But above all it must be constantly

borne in mind that, in all cases almost, the determining factor is the
" personal equation," than which no more variable or elusive quantity can

be found in studying the causation and remoter consequences of disease.

A word must be said here as to the differential diagnosis of drug erup-

tions in general from the particular exanthematous rashes they simulate,

—

a point of the greatest clinical importance, and, indeed, the only one which

raises these manifestations above the level of pharmaceutical curiosities. In

the former case there is a history of the administration of the drug, and

there are, as a rule, no constitutional complications. In the case of copaiba

rash, which most closely resembles that of measles, the eruption supervenes

suddenly without any precedent fever or coryza, though it should be noted

that flushing of the face and injection of the conjunctiva may occur. In

the scarlatiniform rash produced by belladonna, quinine, etc., there is no

fever, no sore throat, though there may be vivid redness of the fauces, and

no glandular complication ; and the same remark applies equally to cases

where the eruption more closely resembles that of German measles. It is

hardly possible that any of the pustular forms could be mistaken for variola
;

but the surest way of escaping mistakes in all cases is an acquaintance with

the perfect mimicry with which the exanthematous rashes are copied in

many of the forms of eruptions due to drugs. The avoidance of error is

only possible where the knowledge of its likelihood exists.

B. Drugs which produce Toxic Eruptions.—In dealing with the

druo-s which are most frequently concerned in the production of these

varying eruptions in fuller detail, we have placed them for convenience of

reference in alphabetical sequence. The symptoms associated with the

development of each will there be given, and also the indications for any

special, general, or local treatment, which has either proved of specific value

or of benefit in alleviating symptoms, under the heading of each particular

druo-. The general principles of treatment will be referred to at the end

of this section.

Antifebrin (Acetanilide).—A rash, somewhat resembling that of measles,

has been described as following after the internal administration of this

druo1

, even in doses of ten grains. When its use has been continued over a

lengthened period, or given in larger doses over a restricted time, a peculiar

cyanosis is induced which has been described as resembling a " slaty-coloured

anamiia." There are no constitutional symptoms, and no alteration in the

colour of the urine.1

Antipyrin (Phenazone), when given internally, produces in a large pro-

portion of cases a cutaneous eruption—the proportion varying from 2 per

cent in men to 7 per cent in women. It is most frequently morbilli-

form in type, affecting the extensor more than the flexor aspects, and the

extremities more aggressively than the body. Its symmetry is usually

well defined ; and it is associated with profuse sweating, moderate itching,

and a certain amount of subsequent desquamation. A distinctly urticarial

type has also been observed ; and in exceptional cases the form assumed has

been that of a purpuric or bullous eruption. These various results are

probably brought about by the action of the drug in causing paralysis of

1 The drills which induce marked alterations in the urine will be referred to under " Urine."
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the vasomotor nerves, and. thus leading to the presence of a largely increased

amount of blood in the vessels of the skin. The eruption generally dis-

appears rapidly on the immediate discontinuance of the drug ; more slowly

when it is given in gradually decreasing doses.

Argenti nitras.—The peculiar bluish gray discoloration of the skin

produced by the long-continued administration of nitrate of silver, and em-
braced in the term " argyria," is the most commonly observed result of the

drug, though Charcot has described an itching and erythemato-papular

eruption as having followed its use in a few cases. It must be borne in

mind, however, that its internal use as a medicine is not necessary for the

production of the skin discoloration, as this result may follow the habitual

application of a solution of the salt to mucous surfaces ; as, for example, in

chronic throat affections. The deposit of silver, or silver combination, in

the skin " is always confined within exact limits to the margin of the con-

nective tissue, and specially affects the elastic fibres and the resisting

limiting membranes, avoiding altogether the protoplasmic parts of the

connective tissue, and the epithelium with its appendages " (Unna). It is

stated that the prolonged administration of iodides given in very dilute

combination with mineral waters (Vals, Vichy, etc.), along with massage

in warm baths, aids in the elimination of the silver; but this is doubt-

ful, and when the deposit has attained a certain limit, its removal is hope-

Arsenic produces skin manifestations of varying degree either by local

contact or by ingestion. The former are especially seen amongst those who
work in it, either in the crude form, or in some of those numerous articles

of commerce in the manufacture of which it plays so important a part.

Thus they are met with in those engaged in the manufacture of artificial

flowers, card-board boxes, etc., and in those who wear stockings or other

articles of underclothing dyed with the cheaper colouring matters which

often contain arsenic in a poisonous degree. In other cases these eruptions

have followed the use of skin lotions and cosmetics. The results of its

internal administration are various, and numerous types have been described.

An erythematous type resembling erysipelas, and often becoming vesicular,

affecting mainly the face and eyelids, which become congested and
cedematous, is one of those most frequently met with. Another— the

papular form—appears mainly on the face, neck, hands, and about the

genital organs. At first the papules are few in number and small, occurring

in scattered groups which subsequently either enlarge or coalesce to form

disseminated patches of irregular outline that may bear a close resemblance

to a papular syphilide, though the coppery hue is less pronounced or absent

altogether (Imbert-Gourbeyre). The urticarial type has been frequently

observed, and differs in no essential particular from the well-known wheals

and associated symptoms of ordinary nettle-rash. The vesicular form is now
well recognised, sometimes resembling eczema of an obstinate character, and

such as one meets with in ordinary cases of " weeping eczema." Hutchinson

first directed attention to the comparatively frequent occurrence of attacks

of herpes zoster (" shingles ") in persons taking arsenic. His observations

have been extended and confirmed by Nielsen, who found that of 557 cases

of psoriasis treated with arsenic in the Copenhagen General Hospital,

nearly 2 per cent (1'80) suffered from herpes, whilst among those treated

without arsenic not a single case occurred. The relation of arsenic to the

production of peripheral neuritis is well known, and furnishes an explana-

tion of the etiology of zoster in these cases. A pustular form has also

been observed to follow the administration of the drug, finding its termina-

VOL. Ill 4
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tion in the development of crusts or ulcers which heal slowly with

permanent scarring. Morris has noticed the occurrence of boils and
carbuncles, an observation confirmed by others, which points to a graver

degree of pyogenetic infection, or may be due to an accidental inoculation.

Thickening of the skin of the palms and soles is also seen, the induration

beginning around the sweat follicles, and gradually extending thence peri-

pherally until a uniform condition of keratosis is produced. Hutchinson
has directed attention to the tendency this induration shows to ulceration

and to the subsequent ultimate development of epithelioma. It is

obvious, therefore, that in the multiplicity of lesions produced by arsenic

great discrimination is essential, the ultimate test in every case being the

disappearance of the eruption on withholding the drug. In the pustular or

ulcerative condition the use of soothing or antiseptic lotions may become a

necessary adjunct to treatment.

Belladonna (atropin) produces a diffuse erythematous blush which is

mainly limited to the face, neck, and upper part of the thorax, and which
only rarely becomes generally distributed. It is of a vivid redness and
closely simulates the exanthem of scarlatina. It occurs for the most part

(leaving aside cases of poisoning) in young children with clear, transparent

skins, is extremely evanescent in duration, and is not followed by desquama-
tion. Crocker states that lie has rarely seen the eruption following

medicinal doses, but agrees with its occurrence in cases of poisoning by the

drug. The use of atropin in eye practice is occasionally followed by a severe

inflammation which strikingly resembles erysipelas. Fox has called atten-

tion to the fact that the diffused scarlatiniform rash may be seen occasion-

ally to follow the external application of belladonna in some of its

preparations, such as the emplastrum or glycerin. The point of chief

clinical importance is to diagnosticate between this drug rash and that of

scarlatina ; but the factors already mentioned, when no epidemic is preva-

lent, especially the absence of prodromal symptoms, the fleeting nature

of the erythema, and the usually almost normal temperature, can hardly, if

carefully weighed, leave any possibility of error.

Benzoin.—In the form of Friar's balsam, ordered for inhalation, Fox has

observed the occurrence of a purpuric erythema, which was confluent upon
the trunk, but more discrete upon the extremities. Benzoic acid given in

small quantities has been known to produce a rose-coloured maculo-papular
eruption, which disappeared on discontinuance of the drug ; and several cases

have been noticed where erythematous rashes, attended with itching and
followed by slight desquamation, have resulted from the administration of

ordinary medicinal doses of benzoate of sodium.

Boric Acid.—Erythematous rashes, followed in a certain number of

cases by even fatal results, have been reported as a consequence of the

absorption of boric acid from washing out cavities, generally serous, with
large quantities £of the drug in solution. Impetiginous eruptions have
also followed its internal administration. The borate of sodium, given in

5-grain doses over a long period, in cases of epilepsy, has been observed by
Gowers and Liveing to give rise to a psoriasis which differs in no respect

from the usual chronic type.

Bromine and the Bromides.—Probably no variety of drug eruption is

more frequently observed, or is capable of wider variation, than that due to

the administration of the salts of bromine. In general characteristics the

rashes produced resemble closely the group of iodine eruptions to be con-

sidered subsequently ; but they always present shades of difference to the

accustomed eye ; and two important points of differentiation in general are
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these : they are always much slower in development, and they are much
less likely to become confluent over a large area and to assume a bullous or

gangrenous type. In form they range over the whole nomenclature of

primary skin lesions, and may be pustular, erythematous, urticarial, bullous,

or squamous in type—the above sequence indicating approximately the
relative order of frequency.

The papulo-jmstular form—known as " bromic acne "—is the most frequent, and
occurs in about 75 per cent of all persons taking potassium bromide. It appears
most commonly on the face, chest, back, and in the neighbourhood of the hair
follicles of the thigh and leg ; and it may vary between the extremes of being in
the simplest form discrete and acne-like, and in the gravest form confluent and
furuncular, though between these extremes many degrees of variation will be
found. The pustules are yellowish in colour, seated on an inflamed base, and
differ from those of simple acne in that they appear without the necessary pre-
existence of comedones, and they are not confined in distribution to regions where
glandular structures naturally occur. They vary in size within wide limits, and
in the confluent type they merge into each other, forming conglomerate groups,
and gradually increasing in size by the extension of their margins until they may
eventually cover a considerable area. In the meantime the contents dry up and
become covered with brownish crusts which are elevated on a zone of surrounding
erythema, and which tend to become associated with a distinct and definite
hypertrophy of the underlying papillary bodies. This is the form to which Unna
has specifically applied the term bromoderma pustulo- tuberosum. The discrete
form differs from ordinary acne in that the inflammation is generally more acute,
the lesions suppurate more rapidly, and the contents are of a more sero-purulent
type. In the confluent form the presence of numerous pustular points on a
raised, soft, dusky-red, and painless base, and the disappearance of the lesions
under a scab without the formation of a scar, but with a slightly persisting reddish
brown stain, serve to differentiate it from all other eruptions except those due to
the iodides (Crocker).

It is probable that individual idiosyncrasy plays a less important part in this
than in the majority of other drug eruptions ; hence its universality and the
uniformity of its main characteristics. It is known that elimination of bromine
takes place through many glandular tissues, principally the kidneys, and in a less

degree by means of the salivary, sweat, and mammary glands, when the latter are
functionally active, as witness the many recorded cases in which symptoms of
bromic eruption have occurred in infants suckled by those taking the drug. On
this analogy it has been argued that the skin manifestations are due to its

elimination by the sebaceous glands, but many facts previously referred to throw
doubt on the genuineness of this hypothesis. In connection with this theory
attention may be directed to the fact, pointed out by Crocker, that the eruption
very frequently begins in scar tissue, being even occasionally limited to it, a
favourite site being in vaccination scars. It is needless to point out how entirely
this is opposed to the fundamental premiss on which the theory of glandular
elimination is based. It may be mentioned here, in order to avoid error, that in
some cases the rash only makes its appearance after the discontinuance of the
drug, and that also, as in the case of the iodine eruptions, where there is idiosyn-
crasy, small doses are more likely to evoke the symptoms than larger ones.

In this, as in most of these drug affections, the main indication of

treatment is to stop the cause. The administration of liquor arsenicalis,

3-5 TT\_, two or three times daily, is said to act as an eliminant. Local
applications, such as lead or evaporating lotion, or salicylic acid (gr. j.'ad §j.)

on lint covered with gutta-percha tissue may be required when the inflam-

mation is severe or the skin surface broken. Liquor arsenicalis, or some
preparation of ammonia, such as the carbonate or the aromatic spirit,

added to the prescription containing the bromide, is said to markedly
diminish if not entirely prevent the tendency towards the development of

the eruption. In regard to the stoppage of the bromide in these cases it

should be remembered that eminent authorities have laid down as a positive

law that a direct relation exists between the intensity of the skin eruption
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and the efficacy of the drug as a remedy in the disease for which it is

administered. This again is a point which can only be determined by careful

and individual observation.

Cannabis Indica.—In one recorded case an acute vesicular eruption of

very wide distribution followed a dose of one grain of the extract. It sub-

sided in the course of a few days, the vesicles drying up and leaving crusts

which gradually fell off (Hyde). (Edema of the face has been noticed as

one of the symptoms of chronic intoxication with this drug.

Chloral Hydrate.—The local effect of chloral as a cutaneous vesicant is

well known, and it has been largely recommended in certain cases as a sub-

stitute for the preparations of cantharides ; but considering the large number
of affections in which it is employed internally it cannot be generally

recognised as a frequent producer of cutaneous eruptions. In its special

features the rash usually appears within a short period, has only a very

limited duration, and is unaccompanied as a rule by constitutional or local

disturbances, though in some cases itching or irritation has been observed.

The rash when it occurs is generally erythematous in type, but may present

the appearance of dusky-red papules surrounded by an area of diffused

redness extending about the affected parts, which are mainly the face, neck,

and neighbourhood of the large articulations. In some cases it may be

morbilliform in character ; and urticarial, vesicular, and petechial forms

have also been described. A remarkable relationship exists in all the forms

between the ingestion of food, and more especially of alcohol, and the

development of the rash. This has even been observed in children taking

the drug, when alcohol, in the form of a tincture, has been prescribed in

combination. In all cases the effects produced are probably due to the

influence which chloral exerts upon the vaso-motor system.

Copaiba.—The type of the eruption is mainly erythematous and papular,

or more essentially morbilliform, with a special predilection for the neighbour-

hood of the hands, arms, feet, knees, and abdomen. In its most characteristic

form it consists of " rose-coloured, irregular patches, grouped or discrete, and
only just perceptibly raised above the surface." The redness disappears

completely on pressure. Intense itching may be present, and a form which
successfully simulates urticaria is well known. The rash fades rapidly on
withdrawal of the drug, and is succeeded by slight desquamation. These

forms are commonly met with, and may follow the administration of the

drug for genito-urinary conditions, or for chronic chest affections. It is

probable that in the majority of cases the cutaneous manifestations are due

to the elimination of the volatile oil by the sweat glands; but in the

urticarial form they may be due to the gastric irritation which is so constantly

associated with the use of the drug, and which is so largely a factor in the

production of ordinary urticaria. As curiosities of dermatology, vesicular,

bullous, and petechial eruptions have been described as sequelae to the

administration of copaiba. Clinically its importance consists in the differ-

ential diagnosis between the drug eruption and the rash of measles, of

rotheln (rubella), or of an erythematous syphilide.

Cubebs, which is much less extensively used, in this country at least

.

than copaiba, produces in a few cases similar cutaneous manifestations which

do not require separate description.

Ergot.—The subcutaneous injection of ergot not infrequently induces

a painful, dark-coloured swelling at the point of puncture. Erythema,

with swelling of the parts, vesicular and pustular eruptions, and gangrene

of the extremities, may occur from its internal administrations, but the

latter rarely from its use in medicinal doses.
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Iodine and the Iodides.—Characteristic types of these eruptions, to be

described presently in detail, have resulted from the external application of

iodine, such as repeated painting of a part with the tincture or liniment, or

the injection of some such preparation to excite inflammation in a serous

cyst ; but they are most frequently observed to follow the ingestion of some
of its alkaline salts, even in the most minute doses—and iodide of potassium,

the most frequently administered, may be taken in its effects for the whole

group. It may be here incidentally stated that, according to many observers,

the sodium salt is the least and the ammonium salt the most active in

producing cutaneous manifestations, and that in many cases of pronounced

idiosyncrasy the strontium salt may be taken with impunity. In all the

varieties of drug eruptions no more conglomerate group can be found, and
it is just this absence of clinical unanimity which renders their recogni-

tion difficult and at the same time imperative ; for in several cases fatal

results have followed from ignorance of the cause which determined the

skin lesions. As Morrow well puts it, " iodide of potassium may be con-

tinued, possibly in increasing doses, for the very condition which it has

caused."

No more polymorphous eruptions are known to dermatology than those

due to the iodine compounds. As in the case of the bromine salts, the

commonest form is the pustular, but other types met with are the erythe-

matous, vesicular or bullous/urticarial, and purpuric varieties, the two latter

belonging to the category of dermatological curiosities.

The most frequent of all is that to which Unna has applied the term iodo-

derma pustulo-tuberosum. The rash begins as small papules rapidly becoming
pustular, and occurring most frequently on the face, upper part of thorax in front

and behind, and sometimes on the extremities. In its early stages it closely

simulates the bromide eruption, to which the false term " bromic acne " has been
commonly applied. These lesions may remain discrete or become confluent, and
so merge into some of the more aggravated types. That the eruption is not due
to glandular elimination has already been stated ; its distribution does not always
correspond to that of the supposed eliminating glands, nor does it present the

universality and symmetry necessary to a circulatory poison. Microscopic ex-

amination of excised portions of skin has further shown that far from elimination

taking place from the sebaceous follicles, as would be evidenced by marked
changes there, the foci of greatest inflammation are situated somewhat superficially

in the skin, where they congregate into microscopic abscesses. That these may
burst into the follicles and so appear on the surface is of course possible, but in

the multitude of cases examined such an accidental communication has never

been found. It is therefore highly probable that the causation of the pustular

surface lesions is not to be met with in the glands ; and, moreover, the absence of

iodine from their contents in the great majority of cases is strongly against the

presumption of such a relationship. So far as present observations lead us, it

seems safer to regard the skin manifestations as being due to a vaso-motor neurosis

induced in some unknown way by the action of the drug ; and to this also the

consensus of histological opinion points. The only constant changes on which all

observers are agreed are, marked dilatation and sometimes thrombosis of the

cutaneous blood-vessels, with alteration and partial destruction of the coil-glands ;

while, on the other hand, the sebaceous glands and hair follicles are only in isolated

instances, and but to a limited extent, involved in the inflammation.

The papulo-pustular form usually begins as small shot-like papules which
resemble somewhat the earliest stage of the variolar rash, a resemblance which is

much increased as they become vesicular, when they also show a marked tendency

towards umbilication. They quickly pass into a pustular stage, the pustules

being more acuminate than those of the so-called " bromic acne," and being seated

on an erythematous and somewhat infiltrated base. The writer has seen the

eruption resemble in a very marked degree the vesicular eruption of herpes zoster,

and, like it, leave on drying up and the subsequent separation of the crusts, a

small but distinct whitish scar. The seats of predilection are the face, the upper



54 DRUG ERUPTIONS

part of the thorax in front and behind, and, less frequently, the extremities. From
these primitive forms all degrees of development may be met with. The spots
may become confluent, resembling the bromide eruptions, or may tend rather in

a bullous direction, the contents of the bullae remaining clearer than in the
analogous bromide lesion. In rare cases the confluent form is associated with
epithelial proliferation and a resulting papillomatous upgrowth, and when to this

is added the introduction of pyogenic organisms and the formation of pus, which
discharges through multiple small openings, we have the condition described by
Besnier as " acnd anthraco'ide iodo-potassique." In a case described by Duhring
"there was a confluence of the nodules, forming a sharply defined, rounded,
inflammatory patch, violaceous in colour, its centre depressed and crusted, while
the periphery was studded with deep-seated, yellowish, sebaceous -looking
pustules, presenting an. acneiform appearance." The vesicular and bvlUmi forms
are much less frequently met with ; while the urticarial and pwrpwric varieties may
be regarded solely as society show cases. The condition described by Hutchinson
as "iodide hydroa" is simply an exaggerated form of the bullous eruption. A
fatal case of the purpuric form occurring in a young child and following a dose of

24 grains has been recorded by Stephen Mackenzie, and illustrated with a
capital plate.

No fixed relationship in time can be laid down as existing between the

administration of the drug and the appearance of cutaneous symptoms.
It varies largely in different cases, and depends among other things on

two main factors : firstly, the relative susceptibility of the individual ; and,

secondly, the amount of the drug administered. But it has been already

pointed out that the latter bears very little relation to the occurrence of

skin lesions, because, as has been observed, tolerance of large doses is some-

times seen in those who react promptly to the drug in a minimal dose.

Nor has eliminative activity any except a secondary relationship ; because

it has been shown that, on the one hand, vascular or renal inadequacy

presupposes a saturation which we know does not exist ; and, on the other

hand, that the cutaneous symptoms may not manifest themselves for a

considerable time after the drug has been suspended. This feature of

dosage has been explained on the ground that, when given in large quantity,

iodide of potassium acts as a diuretic ; while on withdrawal or reduction of

quantity this eliminative activity ceases.

As regards treatment, what has been said under the bromide eruptions

applies equally here. As a prophylactic measure the most valuable, beyond
doubt, is the free dilution of the drug with large quantities of natural or

artificial mineral waters, of milk, or of other diluents. The graver forms,

besides stoppage of the drug, may require tonic and stimulant treatment,

owing to the powerfully depressant effect it has in many cases.

Iodoform does not usually give rise to any skin manifestations when
administered internally, or injected as an emulsion into the joints or sub-

cutaneous tissues
;
yet in some cases the extension of the eruption spreads

so far wide of the area of application that many dermatologists regard it as

a constitutional intoxication quite apart from the local dermatitis caused

by its direct application. This may be a punctiform, eczematous, or

vesicular eruption, spreading with a rapidity and an advancing border of

vivid redness almost indistinguishable from erysipelas. Here again idio-

syncrasy counts for much ; and the writer has seen one case of rodent

cancer in which a second application of the powdered drug reproduced,

after an interval of five years, with absolute exactitude the features of a

previous attack due to the same cause, viz. an acute vesicular erythema
in the central parts with a peripheral vivid red and infiltrated border closely

resembling erysipelas. In the diminishing use of iodoform since the

practice of aseptic surgery has become more general these eruptions are
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less frequently seen ; but for that very reason it is the more necessary for

the practitioner to be familiar with their occurrence.

Mercury.—Since the introduction of antiseptics into the treatment of

wounds every student has been familiar with the eruptions produced by
the local action of various mercurial salts upon the skin. These are most
commonly erythematous, vesicular, or pustular ; or frequently a combina-
tion of all three. The vesicles are minute, extremely numerous, and almost

always become pustular, especially when situated close to the pilo-sebaceous

follicles of the skin. But nearly a century ago Alley called attention to

a condition which he called Hydrargyria, following upon the internal

administration of mercury, and which he grouped under three main head-

ings as regarded type—the mild, the febrile, and the malignant. It may
be noted here that the association between these eruptions and the internal

use of the drug has been denied by one of the highest authorities ; but the

observations of by far the large majority of modern dermatologists amply
confirm the older teaching. Almost any of the preparations of mercury
may give rise to cutaneous symptoms ; but by common consent the one

most frequently found to produce them after internal administration is

calomel. Although Alley's classification is not now generally adopted,

most observers are agreed upon the occurrence of two well-defined forms—

a

mild and a grave. The former is simply an acute eczematous rash accom-

panied with intense itching and the formation of vesicles, and most fre-

quently distributed on the inner surfaces of the thighs, the scrotum, the

groin, and the lower part of the abdomen. The grave form is merely an
exaggerated type of this, in which the vesicles become pustular or even
bullous, associated with considerable fever and general malaise, and some-

times with acute inflammations of the related lymphatic glands. De-
squamation follows as the patches dry up, and in rare cases repeated

exfoliations may occur. It is highly probable that in the glandular cases

pyogenic infection has been grafted on by the scratching of the inflamed

and itching surface. Stoppage of the drug is generally followed by rapid

subsidence of the symptoms ; but where the irritation is great the applica-

tion of calamine lotion or dusting the part with powdered starch and oxide

of zinc affords great relief.

Morphin has long been known as having an irritant action on the

skin, and pruritus opii was familiar to the earliest writers. When a rash

is associated with the tingling and itching of the skin it is invariably

erythematous, resembling closely the eruption of scarlatina, but confined

mainly to the face, neck, and the flexor aspects of the linibs, and preceded by
a sensation of local heat and irritation. Desquamation to a slight degree

follows as a rule. In rarer cases the erythema is more macular, and the re-

sulting rash morbilliform in character. Suspension of the drug is the cure.

It has been pointed out, however, that these cases, in which the administra-

tion of morphin has been followed by skin eruptions, show under all condi-

tions a degree of marked susceptibility to the other influences of the

alkaloid.

Quinine, or other preparations derived from cinchona bark, may give

rise to eruptions either by external contact or by ingestion. The former

may be typically seen among workers in quinine factories, and is usually

confined to those parts which either by exposure, or by the natural occur-

rence of folds or creases, offer the greatest facilities for the prolonged or

continuous action of the irritant. These are, for example, the hands,

wrists, flexures of joints, inner surfaces of thighs, and the genitals. The
eruption is usually eczematous in character, and may be papular, vesicular,



56 DEUG ERUPTIONS

or pustular ; while in aggravated cases pemphigoid forms are met with,

associated with the formation of extensive scales and crusts which leave

frequently on separation red and cedematous or oozing surfaces. Removal
of the irritant and the local application of calamine or subacetate of

lead lotion, with the addition of liquor carbonis detergens (3iss. ad 5X.),

rapidly allay the discomfort and promote the cure. It has been observed,

however, that no immunity is acquired by exposure, and the individual

is always liable to a recurrence on resumption of the offending occupa-

tion.

The eruptions following the internal administration of quinine are

essentially polymorphous, varying from the most elementary to the most
complicated forms of cutaneous lesion. Thus erythematous, urticarial,

papular and vesicular, petechial, bullous and gangrenous forms have been
described (Morrow). In the large majority of cases—almost two-thirds

—

the rash is scarlatiniform, and hence its clinical significance. It is of a
bright, vivid redness, completely disappearing on pressure, and showing
itself first in the face and neck, but rapidly becoming generalised over the

whole surface of the body. There is generally considerable, and sometimes
severe, congestion of the mucous covering of the palate and fauces; and
when the onset of the eruption is associated with high fever (as in a few
recorded cases), and followed by a desquamation lasting from a few days to

several weeks, the mimicry is complete, and the diagnosis from scarlatina is

a matter of great difficulty and doubt for prophylactic reasons. The
absence of high fever, as a rule, and of precedent gastric disturbances is

generally conclusive, but the demonstration of quinine in the urine is in

many cases the ultimate and only absolute test (vide " Urine "). Stoppage
of the drug effects a rapid cure.

Salicylic Acid and Salicylates.—The cutaneous lesions produced by the

external use of salicylic acid as an antiseptic have long been familiar to

surgeons, and assume generally the form of a vesicular erythema which
is always limited to the area with which the agent is brought into contact.

More variable results follow its internal administration, either as the acid or

as the sodium salt, and erythematous, vesicular, urticarial, and hemorrhagic
varieties have been recorded. The erythematous is the commonest form,

and may be either localised or general. It is frequently associated with
cedema, especially affecting the face (eyelids and lips) and the extremities, a

certain amount of perspiration, and frequently a rise of temperature,—mani-
festations which bear a striking resemblance to those produced by antipyrin,

belladonna, and chloral, and probably associated with a similar causation,

vaso-motor disturbance. No special clinical importance is attached to it, and
the stoppage of the drug invariably puts an end to the associated cutaneous
phenomena. The presence of the acid is easily recognised in the urine by
the ferric chloride test.

Sulphonal, in doses varying from seven and a half to thirty grains

(05 - 2 - grm.), has been followed by a bright erythematous and scarlatini-

form eruption attended with intense itching, occurring chiefly on the

thorax, shoulders, and thighs, and followed, after its subsidence in a few
days, by slight desquamation. It is of no special import.

Tar, and its derivative Carbolic acid, produce, by direct contact with the

skin, certain lesions which may vary from a simple eczematous eruption in

the weaker forms to complete destruction of tissue by the stronger, as by
the application of pure carbolic acid. Externally continuous irritation with
tar, such as occurs in gas-works, produces the so-called " tar acne," which is

caused by the plugging of the orifices of the pilo-sebaceous follicles during
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contact with the material, and the formation subsequently of papules or

nodules as the result of the inflammatory changes in the fibrous tissue

surrounding the duct. These nodules may break down and ulcerate, the

process being associated with increased epithelial activity which in time
may transgress the bounds and become malignant, developing into what is

known as " tar cancer " (epithelioma). Though doubt has been thrown on
this occurrence, too many cases have been recorded to leave any room for

doubt as to its reality ; and several have come under the writer's personal

observation. In the earlier days of Lister's moist carbolic dressings it was
almost the rule, rather than the exception, to see a localised vesicular

eczema produced in and about the area protected under the waterproof

covering. Similar effects have been observed to follow the injection of

carbolised fluids into mucous and serous cavities. In other cases ery-

thematous and eczematous outbreaks have followed the absorption of the

drug. When poisoning in moderate degree occurs from absorption, the

urine becomes of a dark olive-greenish colour on standing, and the presence

of carbolic acid can be demonstrated by appropriate tests. Treatment, of

course, consists in removal of the cause. When symptoms of general in-

toxication are acute, diuretics and large doses of sulphate of soda should

be given internally and active measures taken to combat the associated

collapse.

General Principles of Treatment.—But little remains to be added to

what has been incidentally said above as to the main indication in treat-

ment:—It is, in all cases, stop the drug or diminish the dose. Many
patients who cannot bear a drug in one form will take it readily in another,

and here again nothing but careful observation and repeated trial can help

the practitioner. As a general rule, it may be laid down that all drugs

liable to produce toxic eruptions should never be given in a concentrated

form, but always in the maximum degree of dilution. In this way we know
we are nearest to the border of safety. As to the so-called " preventive

"

additions

—

e.g. arsenic and ammonia to bromides and iodides, hydrobromic

acid to quinine, etc.—opinions will always differ, and individual experience

will lead to perfectly sound but very divergent opinions. Above all, the

point of importance is to recognise the relation between a given drug and a

known eruption ; and that being acquired, treatment resolves itself into the

alphabet of therapeutics.

Antitoxin Rashes

Causation.—In a very large percentage (20 to 45 per cent) of cases

treated with antitoxin, rashes are apt to occur at a variable period after the

injection. The antitoxic principle employed has nothing to do with their

causation, nor are they due to any antiseptic which may be used in the

preservation of the serum. They depend entirely on the serum itself, as is

proved by the fact that normal horse serum produces them. They appear less

frequently with the concentrated preparations now in vogue than they used

to do when the injection of large amounts of a dilute antitoxin was common.

They are also less likely to follow the administration of one large dose

than they are the injection of several successive and comparatively small

doses.

Occurrence and Duration.—The rash may occur any time between the

first and twenty-fourth day after the injection. A series of cases treated

with small doses of dilute antitoxins in the Edinburgh City Hospital gave

an average occurrence at about the twelfth day. More recently, however,

the concentrated preparations now in use have appeared to cause an earlier
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appearance of the eruption, and rashes on the third, fourth, and fifth days

are very common.
The rash may last from a few hours to about a fortnight. As a rule,

however, its duration is not more than five days, and many disappear on the

second, third, or fourth day.

In certain instances, probably when the blood of two or more horses

has been mixed in preparing the antitoxin, successive rashes, different in

character, may appear at different dates. •

Character.—Generally speaking, the character of the rashes is " septic,"

that is to say, they are of that kind which we are accustomed to associate

with blood-poisoning from various causes. They are always erythematous,

and occasionally may be classed as true urticaria. The commonest form is

that of an erythema multiforme, a bright pink eruption, macular or papular

in character, with a tendency in many instances to circinate arrangement,

and often showing an eccentric extension of the individual macules or

papules. Its distribution is very variable, as it may appear on any part of

the body or face, usually being most marked in the neighbourhood of the

larger joints and at the seat of injection. It also appears to have a certain

preference for the extensor surfaces. Occasionally it may be morbilliform

or scarlatiniform in character, but neither of these forms is very common.
In many cases it is exceedingly itchy, and it is this characteristic which is

most distressing to the patient, who otherwise often feels quite well. "When
the eruption is urticarial it is marked by the usual wheals characteristic of

that condition, and these frequently occur on the face.

Other symptoms.—As regards pyrexia some cases show no fever at all, and
others only slight deviation from the normal. On the other hand, in young
children especially, there may be a considerable rise, the chart showing

temperatures of 101° to 103° even when there is no complicating arthritis.

CEdema is not uncommon, and in some instances may involve considerable

areas of skin, though more frequently it is limited to the hands and feet.

Arthritis is a very common complication, and indeed may occur without a

rash at all. The joints of the extremities are most frequently complained of,

and may be swollen and tender.

Diagnosis.—There is not usually any difficulty in diagnosing the rash.

It is to be looked for in a large proportion of cases injected, and therefore its

occurrence need cause no surprise. Occasionally, however, when scarlatini-

form or morbilliform in character it may cause anxiety. The marked
itchiness of the serum rash, the absence of catarrhal symptoms (in its

measly form), and of those of the usual invasion of scarlatina, should

decide the case.

Treatment.—The rashes scarcely require any treatment, and their

presence has little or no clinical significance. To relieve the itching, how-
ever, tepid sponges or the application of a lead lotion may be found useful.

For the arthritis, salol and the salicylates often appear to give relief. Some
prefer a palliative treatment, with laudanum fomentations and opium
internally. The exceedingly variable duration of untreated cases makes it

almost impossible to judge the efficacy of any treatment.

LITERATURE.—1. Text-Book. Prince Morrow. Drug Eruptions. Edited for the
New Sydenham Society, with valuable notes, by Colcott Fox, London, 1893.—2. Unna.
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the Skin. London, 1893. — 4. Brocq. Maladies de la Peau. Paris, 1892. — 5. Morris.
Diseases of the Skin (with a useful table). London, 1S99.—6. H. G. Brooke. "On Behrend's
Division of Drug Rashes into Specific and Dynamic Groups," Brit. Journ. Dermatol. Oct.
S90.—7. Colcott Fox. "Contribution to the Study of Drug Eruptions," Brit. Journ.

Dermatol. Nov. 1890.
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The following Plates will be found useful :

—

Argyria— Crocker's Atlas, PL xxxviii.

Arsenic—Cancer, Arch, of Surg. PL xx.

,, Keratosis, ,, PL xviii.

,, Psoriasis, ,, PL xix.

" *!f££S>»*». pi. =«

-

Bromide—Confluent form, ,, PL xxxv.
,, "Ulcerative, Syd. Soc. Atl. PL xliv.

,, Bullous, III. Med. News, Jan. 1889.

Chloral—Erythema, Arch, of Surg. PL v.

Chrysarobin—Erythema, Crocker, PL xxxviii.

Iodide—Bullous, ,, PL xxxvi.
("Tuberous, Arch, of Surg. PL iii., iv.

" \ (fatal case).

f Purpuric, III. Med. News, Nov. 1888.
" \ (Mackenzie's case).

,, Bullous, Syd. Soc. Atl. PL xxxiii.

Drug" Habits. See Absinthism, Alcoholism, Hypnotics, Mor-
phinomania (including Cocaine).

Dubini's Disease. See Chorea.

Dumbness . See Deaf-mutism.

Duodenum.
See also Stomach, Intestine.

Affections of the duodenum are of great interest both from a medical and
surgical standpoint. But, as the great majority of diseases which involve

the duodenum cannot be clearly differentiated clinically from those of the

pyloric end of the stomach and the small intestine, these will be described

in other articles. The object here is to present a brief epitome of the

various disorders.

There are certain points of anatomical and physiological importance

;

the position, the horse-shoe shape, the close connection with the head of

the pancreas, and the entrance of the common bile-duct, are all of great

clinical importance.

With regard to position this may be slightly modified by alterations in

the position of the stomach and intestine (vide " Enteroptosis "). Short of

enteroptosis, however, a careful examination of post-mortem cases made at

random readily reveals greater variations in the position of the abdominal
viscera than is usually thought of during life.

The close relationship between the receptive and motor mechanism of

the duodenum and the stomach, and also the influence of its secretion, is fully

considered in the article " Digestion."

The most striking and obvious perversion of this mechanism is seen in

the familiar class of case known as bilious vomiting, where, as a result of

combined motor hyperactivity and relaxation of the pyloric orifice, the

vomiting of bile is brought about. Apart from this obvious derangement,

it is likely that there are many other perversions of function that are not

so readily nor so definitely represented by definite outward symptoms.

Thus it is impossible to believe that in many cases of dyspepsia the function

of the duodenum is not very definitely interfered with. We are led to this

opinion by, among other things, the close relationship that obtains between

the motor activity of the muscle of the duodenum and that of the stomach and

intestine. In the absence of obvious changes in the faeces, we are perhaps

not fully justified in making a diagnosis of duodenal dyspepsia, but it is not

unlikely that some cases of dyspepsia, where the various sensory symptoms

develop several hours after the ingestion of food, associated it may be with

the presence of pain on pressure to the right of the middle line in the right

hypochondriac region, are really cases where the secretory or sensori-motor

mechanism of the duodenum is primarily at fault.

A simple ulcer is met with here which may present all the clinical

features of, and be clinically indistinguishable from gastric ulcer. The
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ideas formerly entertained regarding the great frequency of ulceration of
the duodenum as a sequel of burns have been modified somewhat during the
last few years, merely as a result of more careful investigation into the
truth of the old text-book statements (see " Burns ").

Simple ulceration may develop as a result of irritation from a large gall-

stone.

Malignant Disease.—This is by far the most important lesion, and
specially in view of the possibility of beneficial results following early

operative interference. As it is impossible clinically to differentiate between
a primary morbid growth of the duodenum and one involving the head of

the pancreas or pylorus, this condition will be described more appropriately
in the section on these viscera. It is sufficient to indicate here the great
importance of a thorough examination of the faeces as a diagnostic factor
in such cases. The absence of bile in the stools suggests some obstruction
to the excretion of bile probably involving the orifice of the duct; the
presence of undigested fat in the faeces, and occasionally the presence of
glycosuria, would rather point to the pancreas as the primary focus of disease.

Inflammations.—These are of no great clinical significance in them-
selves

; they may be secondary to gastric catarrh, or merely a local manifest-
ation of the general enteritis present. If severe, jaundice may develop

;

this, however, usually signifies an extension of the catarrhal process to the
bile-ducts (see " Gall-Bladder and Bile-Ducts ").

DupuytrerTs Contraction. See Fascia.

Dura Mater. ^Meninges.

Dysentery.
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Synonyms: Gr. Awwtepia; L. Tormina; E. The Bloody Flux; G. Euhr;
F. Dysenteric

Definition.—Dysentery is a clinical term connoting a complex of
symptoms dependent on inflammatory, ulcerative, and gangrenous lesions
of the large intestine. It may be roughly defined as a group of closely
allied infective diseases, characterised by frequent mucous, bloody, or serous
stools, by griping pains (tormina), more or less straining (tenesmus),
generally with retention of faeces.

Bacteriology.—In certain cases of dysentery bacteria alone are met
with in the stools and intestinal lesions; in others, amoebae as well as
bacteria are present. The precise significance of the amoebae in relation to
the dysenteric process has not been fully determined, but as they are
associated with a form of the disease presenting distinctive clinical and patho-
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logical characters, we are justified in admitting a non- amoebic and an
amoebic form of dysentery. The diversities observed in the clinical features
and in the lesions of non-amoebic dysentery, taken along with the results of
bacteriological researches, indicate that this form will ultimately be found
to comprise two or more distinct varieties.

In non-amoebic and amoebic dysentery alike, the common bacteria of suppura-
tion, staphylococci and streptococci, are met with in the stools, as, indeed, they
frequently are in the stools of healthy persons. The staphylococci, so far as
is known, are not in any sense specific, but when the disease is once estab-
lished they doubtless bear a part—perhaps by no means an inconsiderable one—
in promoting suppuration and destruction of tissue. The three varieties of the
staphylococcus—aureus, albus, and citreus—are present in the stools, and are
found with equal frequency in the epidemic dysentery of temperate climates and
in the chronic dysentery of tropical regions. Streptococci are often very abundant
in dysenteric stools, their multiplication being favoured by the inflamed con-
dition of the bowel. All pathogenic micro-organisms vary in virulence, but none
more so than the streptococci, and experiments show that in some forms of
dysentery, at least, they play an important part in the dysenteric process. The
experiments of Zancarol and of Celli and Fiocca seem to place it beyond doubt
that dysenteric lesions may be produced by the administration, by the mouth or
rectum, of pure cultures of virulent streptococci derived from dysenteric stools.

While the former pathologist inclines to regard the streptococcus as the principal
pathogenic agent in dysentery, Celli and Fiocca relegate it to a secondary position,
but claim for it the power of exalting the virulence of the bacterium coli commune
(which they look upon as the ordinary specific microbe of dysentery) into that
variety which they have named the bacterium coli dysentericum. These pathologists
have occasionally found in dysenteric stools a small species of proteus which is

also found to intensify the virulence of the B. coli commune, and with which they
have succeeded in some instances in producing dysenteric symptoms in animals.

Bertrand and Baucher found the B. pyocyaneus in the stools both of the
epidemic dysentery of France and those of the chronic dysentery of warm
climates, but more abundantly in the former. Calmette found this organism not
only in the stools of acute dysentery in Cochin China, but also in the ulcerations
of the large intestines and in the blood. He ascribes to it the preponderating role

in the causation of dysentery, maintaining that it alone of the microbes present
in the stools is capable of reproducing the lesions of dysentery. These statements
have not been confirmed.

Anaerobic vibrios are met with in a considerable number of cases both of the
acute and chronic disease. The inflated condition of the stools is ascribed to the
presence of these microbes. They are merely occasional and subsidiary agents.

All recent observers recognise the bacillus coli communis, or rather a virulent
variety of it, or some closely allied organism, as one of the most important pathogenic
agents of dysentery. It was one of the microbes constantly met with by Bertrand
and Baucher. This was probably the bacillus found by Chantemesse and Widal in
the walls of the intestine and mesenteric glands of one who had died of dysentery,
and in the stools of those suffering from the disease. Maggiora found it in large
numbers in every case he examined, and he proved experimentally that it could
produce dysenteric lesions in animals. It is to the researches of Celli and Fiocca,
however, that we are chiefly indebted for our knowledge of the part played by this

bacillus in the causation of dysentery. They, in collaboration with others, have
shown that by itself it is capable of setting up dysentery in animals whether ad-
ministered by mouth or rectum, and that the toxins obtained from pure cultivations
give rise to dysenteric symptoms and lesions, that the serum of dysenteric patients
causes agglutination of the B. coli dysentericum. This bacillus, although capable
by itself of giving rise to dysentery, is generally associated with streptococci,

which exalt its virulence within the body and in fsecally polluted soil. Arnaud,
according to Scheube, has also come to the conclusion that this bacillus, when its

virulence has become intensified by association with other microbes, or in some
other manner, is the specific microbe of dysentery.

Quite recently Shiga, working in Kitasato's Institute in Japan, has isolated

and cultivated a bacillus which is not found in healthy men or animals, but which
is always present in dysenteric stools, in the lesions of the colon and rectum, and
often in the mesenteric and retro-peritoneal glands of those who have died of

dysentery, but never in the liver or spleen. He describes it as a short bacillus,
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similar in morphological characters to the colon bacillus. He found the cultures

of this microbe to present the phenomenon of agglutination with the serum of

persons suffering from dysentery, but not with that of healthy persons or of those

suffering from other diseases. This bacillus is believed to be identical with the

B. coli dysentericum of Celli and Fiocca. There is thus a large amount of evidence
pointing to a variety of the B. coli communis as one of the chief agents of epidemic
dysentery, and possibly also of other forms of the disease.

The Johns Hopkins Commission to the Philippine Islands has succeeded in

isolating a bacillus that answers to all the tests applied to the B. coli dysentericum.
We have met with no description of its characters.

Ogata in 1892 found a short bacillus in dysenteric stools, about a quarter of

the length of the tubercle bacillus, which, when introduced by mouth or rectum,

caused dysenteric symptoms in animals. We have met with no further accounts
of this microbe.

It seems evident from these researches

—

(a) that a chief place in the patho-
genesis of dysentery, or of some forms of it, must be assigned to that variety of the
B. coli communis known as the bacterium coli dysentericum : (6) that a virulent

form of streptococcus and a small proteus, possibly also other organisms, are

capable of initiating the dysenteric process ; (c) that bacteria that are themselves
powerless to give rise to dysentery are nevertheless active agents of mischief,

some of them by increasing the virulence of the specific microbes, others by pro-

moting suppuration and ulceration. The types of dysentery caused by the
individual organisms, or their grouping, has not been determined.

Amoebic Dysentery.—Amoeba? are met with in the stools of healthy persons and
in those suffering from cholera, enteric fever, and other inflammatory and
ulcerative diseases of the bowels. A simple irritation of the intestinal canal

seems sufficient to lead to their multiplication. Schuberg, for example, found
amoeba? in the loose stools of ten out of twenty healthy persons to whom he had
administered a purgative dose of Carlsbad salts. The frequency with which these

organisms are present in the intestinal canal in health diners greatly in different

regions and localities. In some parts of Italy, Greece, and Lgypt, amoeba? are
common parasites of healthy persons. Gasser, in Algeria, examined the stools of

twenty persons in perfect health and found ama-ba? in four of them. Amoeba? are

more common in warm than in colder climates. This harmless amoeba coli is

morphologically indistinguishable from the amoeba met with in dysentery, which is

known as the A. dysenteries. Other species of amoeba?, smaller and less reaolily

recognised, such as the A. </nttula, oblonga. spinosa, dtapha/na, vermiculoris, and
recticularis, are also frequently present in the stools of persons in health and of

those suffering from various intestinal complaints, including dysentery. Their
pathological effects, if any, are unknown.

The A. dysenterioB is a unicellular, excentrically nucleated organism, consisting

of a granular entoplasm and a homogeneous, pale green ectoplasm. It varies in

diameter from 6 to 36 m, and often contains one or more non-contractile vacuoles.

It is extremely motile and locomotive, but becomes motionless at a temperature
below 75° F. According to the observations of Grassi and Calandruccio, it multi-

plies by simple fission in liquid fa?ces, but when the stools are pultaceous the
amoeba? become encysted. In this state they contain one or more nuclei which
develop into amoeba? when ingested. Free amoeba? have been found in water and
soil polluted with dysenteric evacuations, and it is probably by drinking-water
or contaminated food that they gain admission into the intestinal canal. These
amoeba? frequently contain red blood corpuscles and bacteria. Hence it is con-

tended by some that bv engulfing and digesting the bacteria of dysentery the
amoeba? are to be considered as useful auxiliaries to the phagocytic cells of the
intestine. Others look upon them as destructive agents, producing softening,
ulceration, and sloughing of the tissues of the bowel, and as vehicles for transporting
bacteria from the bowel to the liver.

They are found in the blood-stained mucus, in the minute gelatinous masses of

necrotic tissue derived from the ulcers, and in smaller numbers in the liquid stools

of amoebic dysentery. They are also found in the intestinal ulcers and the
surrounding zone of diseased tissue.

The numerous experiments of Kartulis, of Kruse and Pasquale, and others,

prove beyond doubt that when dysenteric stools, or pus from a liver abscess con-
taining amoeba?, are injected into the rectum of the cat, the amoeba? multiply rapidly
and induce a hemorrhagic and ulcei'ative inflammation of the bowel. Kruse and
Pasquale succeeded in producing dysenteric symptoms by the pus of a liver abscess
containing amoeba?, but which was sterile as regards bacteria. These experiments,
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apparently so conclusive, have lost much of their value since it has been shown by
Casagrandi and Barbagallo that similar symptoms and lesions follow the injection
of hepatic pus containing neither amoebae nor bacteria. In these cases, the intestinal
lesions must result either from the irritant nature of the injected material, or from
the presence of bacterial toxins in the sterile pus. Indeed, Zancarol has repeatedly
produced, not a dysentery only, but a dysentery complicated with liver abscess,
containing streptococci, by the injection of hepatic pus destitute of amoebae and
sterile to culture. In these cases it is evident that the pus was either not really
sterile, or that the irritation set up in the (bowel by the injection had rendered
virulent the harmless streptococci present in the canal, and that these had given
rise to the dysentery and the liver abscess.

The experiments hitherto made in order to determine the part played by
amoebae in the dysenteric process are altogether inconclusive. It will only be
when pure cultures of amoebae have been obtained from healthy and dysenteric
stools, and the experiments^repeated with these, that we may hope for unequivocal
results. Most of the experiments have been made on the cat, an animal in which
non-specific irritants readily set up catarrhal and ulcerative inflammation of the
large intestine. It has been too readily assumed in these researches that the
inflammation set up in the various experiments has been dysenteric. It is still an
open question whether the A. dysenteries differs specifically, or at all, from the A.
coli, and whether either can give rise to dysentery in the healthy bowel. It must
also be borne in mind that in amoebic dysentery we always meet with the bacteria
of ordinary dysentery, especially streptococci and varieties of the bacillus coli
communis. It is, in fact, like other forms of dysentery, a mixed infection. It
is possible, although this has not been proved, that the amoebae really destroy the
bacteria of ordinary dysentery, and thus convert what might have been an acute
into a chronic process. But this would not in every case be a gain, for we can
readily believe that the invasion of intestinal ulcers by amoebae will have the effect of
converting a disease that would otherwise have yielded to treatment into a chronic
and intractable malady. Our recognition of amoebic dysentery as a distinct form
rests on grounds which are unaffected by the experiments referred to. Clinical
observations associate a peculiar type of dysentery with amoebae in the stools.
Their presence in the swollen submucous tissue, in the ulcers themselves, in the
spreading zone, and in the lymph spaces, proves that they are active agents in the
dysenteric process.

Etiology.—General Conditions. — Geographical Distribution.— Non-amoebic
dysentery is a ubiquitous disease in the sense that under certain conditions, such
as war or famine, it may appear in any climate. As a result of famine, very severe
epidemies have at different times broken out in Ireland. Up to the seventeenth
century, dysentery was endemic throughout the whole of Northern and Western
Europe, and it occupied by no means an unimportant place in the pathology of
the British Islands. It is still to some extent endemic in Sweden, especially in the
neighbourhood of the central lakes, and it has also appeared repeatedly during this
century in an epidemic form not only in the lake region but also in elevated and
dry districts. Both in the northern and southern hemispheres dysentery increases
in frequency as we approach the equator, but not by any means in a uniform way.
It is notably a disease of tropical and sub-tropical countries, in many of which it

takes the first place as a cause of death. Its incidence on different regions varies
greatly. It is comparatively mild and rare in Singapore, in the Malayan Peninsula
generally, and in British Guiana, all within a few degrees of the equator, while
countries at comparatively high latitudes, such as the North-West Provinces of
India, Arabia, the Mediterranean shores of Africa, Senegal, and the coasts of Chili
so far south as the 33rd degree, suffer severely. The geographical distribution of
amoebic dysentery is still imperfectly known. As a sporadic disease it occurs in
the central and northern regions of Europe, and in the northern states of the
Union. It is more common in the south of Europe and the southern states of the
Union. It is known to be exceedingly prevalent in Egypt, and is probably far
from rare in the tropics generally, although there is no evidence that it is the
prevailing form of dysentery in warm climates. The name of " tropical " dysentery
applied to this form is misleading.

Altitude.—The coast lands and inland valleys of tropical countries are, as a rule,

more subject to dysentery than the higher lands of the interior. In India, the
ratio of admissions from dysentery at stations less than 100 feet above sea-level
is 41-9; under 500 feet, 32'5

; from 3500 to 8000 feet, 18'7 ; and above 8000 feet,
3"8 per 1000. But no altitude affords security from the disease unless it is sufficient
to reduce the temperature to that of temperate latitudes. Moderate elevations
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are sometimes even more dangerous than the sea-level. Berenger-Feraud relates

that in 1840 the troops in Martinique were removed to a camp situated at a height
of 1200 metres in order to escape from yellow fever, but it was found that
dysentery at that elevation was as fatal as the yellow fever of the plains, and the
camp had to be abandoned. The physical character of the soil, the water, and
circumstances of a climatic kind—winds and atmospheric humidity—are factors

which modify the influence of altitude.

Season.—In temperate climates dysentery is notably a disease of summer and
autumn. Of 446 epidemics tabulated by Hirsch, 415 broke out from June to
September. From August to October is the season of dysentery in all temperate
climates in the northern hemisphere. In tropical and semi-tropical countries the
incidence of the disease in summer and autumn is by no means so constant as is

generally represented. In Bombay the maximum of admissions into the European
Hospital falls on the coldest months. The percentage of deaths in the native
army of Bengal in the three coldest months—November to January—is 394, in

the three warmest months—May to July— 16'6. It is the same in Mauritius, the
dysentery season there is from May to August, months of falling temperature, and
diminishing rainfall and humidity. August, the coldest month of the year, is that
charged with the maximum dysentery mortality. As an epidemic disease attendant
on war or famine, dysentery has often raged with great severity in winter when
the temperature has been extremely low, as was the case in the Crimea in 1854-55.

Amoebic dysentery is said to be contracted in most instances in the warm
season.

Temperature.—From what has already been said of the latitudinal, altitudin.il,

and seasonal relations of dysentery it may be inferred that a high temperature
favours its prevalence. This view is supported by the fact that in temperate
climates the years in which dysentery is most prevalent are, as a rule, exceptionally
warm years. The same has also been observed to hold good in Algiers, Senegal,
the West Indies, and Brazil. All experience points to sudden fluctuations of
temperature in warm climates as a powerful exciting cause of dysentery. Chilly
nights succeeding warm days, exposure to cold and wet after the body has been
over-heated, determine dysentery in countries where the disease is endemic. It

may be remarked that when the temperature throughout the year is equable, the
cases of dysentery are pretty evenly distributed over the whole year, but in
countries where the amplitude of the annual range is great, the bulk of the cases
tend to be concentrated on a few months. In temperate climates these months
are summer and autumn ; in tropical countries, winter, especially if the nyct-
hemeral variations during that season are also high.

Soil.—The geological formation of the soil appears to have no influence on
dysentery prevalence. The same cannot be said of the physical characters
of" the soil. We have already noticed its incidence as an endemic disease
in the lake districts of Sweden. The marshy provinces of Holland recently
furnished a dysentery death-rate double that of the country generally. According
to Kelsch and Kiener, dysentery in France shows a predilection for marshy and
moist soils. " It is thus,'' they say, " that the reports of the Academy continually
notice its occurrence in various departments of Brittany, in the fluvial districts of
the lower Loire and its affluents, in the basin of the Somme, on the plateaux of the
Doubs and the Vosges. The southern part of Finistere, l'Ule-et-Vilaine, some
districts of the Cotes du Xord, and above all Morbihan have acquired in this

respect a sad notoriety." To the same order of facts belong the numerous instances
of outbreaks of dysentery caused by the drying up of lakes and ponds, and of
deposits resulting from inundations, the cleaning out of canals and reservoirs, and
the exposure of the mud to the action of the sun. The same conditions doubtless
favour outbreaks of dysentery in the tropics. What are the infective agents giving
rise to the disease in these instances, and in what way does infection take place 1

These questions do not, as yet, admit of answer.
Relation to Malaria.—Dysentery and malaria are perfectly distinct diseases,

the former may be very severe in regions where malaria is unknown
;
yet in the

tropics they are often endemic in the same localities.

Faical Pollution of Soil and Water.—These are undoubtedly among the most
important factors in the etiology of dysentery. Every epidemy of dysentery is a
proof of the infectiousness of dysenteric evacuations, and the disease in most of these
cases seems to be spread directly or indirectly by soil and water pollution. Creighton
relates an instance illustrating the way in which epidemic dysentery becomes
diffused. The brig Sandivith with Irish emigrants suffering from famine dysentery
put in at Penzance on the 7th of June 1848. Three of the women passengers died
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on shore of the disease. On the 16th of July the disease appeared for the first time
among the natives of the town. No fewer than 500 cases and 82 deaths occurred
in the town. New foci were also set up in the country districts by domestics, who,
having contracted the disease in Penzance, had returned to their homes in the
country for treatment. But dysentery often arises in connection with faecal

pollution of soil and water when there is no evidence of specific contamination.
It is enough for an army to encamp long enough on a spot for the soil to become
polluted in order to ensure an outbreak of dysentery. The epidemy of dysentery
in the Cumberland and Westmoreland Asylum recorded by Clouston was ascribed
to the emanations from sewage applied to fields situated at a distance of 300 yards
from the ward where the disease broke out. Dysentery prevailed in the Wakefield
Asylum in 1827-28. The whole sewage of the Asylum, we are told, was collected
in cesspools within a few feet of the wards. In these cases the air appears to have
been the vehicle of infection.

Faecally polluted water was the cause of the numerous fatal outbreaks of
diarrhoea and dysentery in the Millbank Penitentiary during the first half of this

century. The water-supply was derived from the Thames as it ebbed and flowed
beneath its walls. No more outbreaks occurred after a pure supply was provided.
In the same way dysentery frequently occurred among the troops at Cork when
their water-supply was derived from the sewage-polluted water of the Lee, and
disappeared when another supply was obtained. Examples of this kind, which
might be multiplied to any extent, place it beyond doubt that faecally polluted
water is capable of giving rise to dysentery. There is a good deal of evidence to
show that water containing decomposing organic matter, purgative salts, and
other irritating constituents favour the outbreak of dysentery. More conclusive
evidence of the part played by impure water in the causation of dysentery could not
be wished than that supplied by Coppinger relating to the Royal Navy. Dysentery,
he says, has diminished in frequency as sanitation in respect to food and water has
improved. " The proportion of cases occurring in the years 1860, 1870, and 1880
respectively, were 127, 3'5, and 1 "2 per 1000 of all the men employed ; and when we
remember that the use of distilled water on board ship was coming into general
use about the year 1870, the above figures are strongly suggestive of an intimate
causative relation between polluted water and dysentery." Many a death from
dysentery in tropical countries would be prevented if travellers and others would
adopt the precaution of using only boiled water.

Tainted food, indigestible substances, unripe and over-ripe fruit, excesses of all

kinds, especially in alcohol, predispose to dysentery.

Dysentery of War and Famine.—Severe and long-continued famine is uniformly
followed by dysentery, whether in warm or cold climates, but in some regions more
severely than in others. Dysentery became epidemic in the kingdom of Naples
during the famine of 1763. Dysentery and diarrhoea were the most fatal diseases

engendered by the Irish famine of 1847-49. From Ireland the infection was
carried by emigrants to the United States, where it raged from 1847 to 1856. In
the recent famine in Russia dysentery was widely prevalent. Dysentery along
with diarrhoea never fails to claim the largest tribute of mortality in India in

famine years. In 1897, a year of extraordinary misery in the Central Provinces,

the death-rate from dysentery and diarrhoea was more than four times that in

ordinary years. The same connection between famine and dysentery in warm
climates has been noticed in Senegambia, Algiers, and Tunis (Hirsch). Dysentery
of a spreading kind is a no less constant attendant on war, affecting alike the troops

in the field and those subjected to siege. In the latter, case the troops suffer in

common with the civilian population. In war dysentery three sets of factors

come into operation : (a) conditions which predispose the system to the disease,

among which are bodily exhaustion, exposure to heat and cold, lying on damp
ground, overcrowding in the case of besieged garrisons, and often scarcity and bad
quality of food

;
(b) conditions which more directly determine infection, such as

the pollution of soil and water by fsecal matters
;

(c) facilities for the spread of the
infection when the disease has once made its appearance among a densely massed
body of men.

Personal Conditions.—Race.—It is frequently stated that Europeans in warm
climates are more liable to dysentery than the natives. This is not the case in

India. The admission-rate per 1000 of the European army of India (1897) was
45'7, that of the native army 66"4. All ages suffer from dysentery. If we
include under dysentery the hemorrhagic catarrhal complaints of infancy and
childhood, dysentery makes most victims in those under five years of age. In 1878,

the dysentery death-rate of the army of India was 1*73 per 1000, that of European

VOL. Ill 5
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children 3'84 per 1000. The sexes suffer in nearly the same proportion. The poor
suffer more than the rich. Dysentery is more prevalent in small towns and
villages than in large cities. There is no acclimatisation for dysentery. During
his first year in a tropical country the European is more liable to the disease
than in the two or three following years, but after the fourth or fifth year the
liability appears, upon the whole, to increase, according to the length of residence
in the tropics.

Pathological Anatomy.—Non-amoebic Form.—From the standpoint of patho-
logical anatomy non-amoebic dysentery presents three varieties : (a) that in which
there is no croupous or diphtheritic deposits, the lesions being inflammatory,
ulcerative, and gangrenous. This, for the sake of distinction, we shall speak of as
inflammatory dysentery

;
(b) in another variety the surface or the mucosa presents

a croupous deposit, the sub-mucosa being little or not at all affected. This is

croupous dysentery, (c) In a third class of cases the mucous and sub-mucous coats
are the seat of exudation—diphtheritic dysentery. The croupous and diphtheritic
varieties appear to be grades of the same process. The croupous form necessarily
terminates in ulceration, which is principally superficial ; the diphtheritic ends in
ulceration and sloughing of the mucosa and sub-mucosa, and often enough of the
muscular coat. The lesions of two, or all, of these varieties may be met with in
a single case.

As regards site, dysentery is generally most marked at one or other extremity
of the large intestine,—the caecum and ascending colon, or the descending colon,

sigmoid flexure, and rectum. I have often seen, however, the whole of the large
intestine so involved that it was diflicult to say what particular part was most
affected.

A catarrhal inflammation is the initial stage of all the varieties mentioned.
The mucous membrane at the seat of the disease is more or less thickened, of a
dark red colour, studded with ecchymotic points, and covered with blood-stained
mucus. The congestion is either tolerably uniform over a large surface or is

disposed in streaks or patches affecting chiefly the mucous folds. This stage is

often observed in certain parts of the bowel when the disease has already gone on
to ulceration and sloughing in other places. In a case observed by Clouston, in
which death occurred after two days' illness, the mucous membrane of the cnecum
was found to be reddened and thickened in small patches, which ran into one
another like the eruption of the skin in measles. The transverse colon was
mottled and thickened, the descending colon and rectum were less affected. In
the rectum the mottling was mixed with red points the size of a pin's head.
There was no ulceration, although the stools contained blood, and no membranous
deposit had yet appeared, although the epidemy in which the case occurred was
of the croupous kind. In the catarrhal stage the capillaries and small veins are
engorged ; the follicles are often surrounded by a zone of congestion. The
epithelium is partially detached, and the solitary glands are often more or less

enlarged.
When the disease in the inflammatori/ variety has advanced beyond the catarrh

stage small necrotic spots situated in tne mucosa are often observed, along with
ulceration, and it is not improbable that the ulcers in most cases start from
these necrosed foci. The ulcers increase in size and depth, and are generally trans-
verse to the axis of the gut. In severe cases, side by side with ulcers, are sloughs
of an ashy or dark colour, or the affected portions may be found converted into a
dark putrescent mass. Exceptionally, the whole of the large intestine is gangren-
ous, and on opening the abdomen the bowel may be seen, as Chevers expressed it,

coiled up like a dead snake, a flaccid gangrenous mass. A case is recorded and
figured by Cayley in which the whole of the mucous membrane from the ca?cum
to the anus presented the appearance of a suppurating sore. Whether mild or
severe, no croupous or diphtheritic deposit is observed in the inflammatory form.
The calibre of the bowel is not narrowed, and whatever may be the degree of
thickening resulting from oedema or suppuration, the bowel is never rigid.

The croupous variety, as we have already seen, begins with congestion,
ecchymosis, and thickening, followed by a croupous deposit. This presents itself

either as a soft jelly-like layer, which may be rubbed off from the mucosa, not,
however, without detaching the epithelium, or it occurs as a firm and adherent
deposit of a gray, rusty, or black colour. In some cases it appears in isolated specks
limited to the folds of the mucosa, in others it forms warty masses, discrete or con-
fluent, involving larger or smaller surfaces of the mucous membrane. That this is

not a simple necrosis of the surfaceof the mucosa, such as is seen in the inflammatory
variety, is proved by the epithelium being found in situ under the adhering layer.
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This deposit consists of a granular, sometimes indistinctly fibrillated, substance
enclosing red corpuscles and bacteria. The underlying mucosa is thickened from
congestion, oedema, and increase of lymphoid elements. The surface deposit dips
down into the tubular glands, which become distended by hyperplasia of their
lining epithelium ; compressed and distorted by pressure ; sacculated by obstruction
from within or by pressure from without. The solitary glands are often enlarged
and prominent, and at a later period become necrosed, leaving small, round,
punched-out ulcers. As the disease progresses, the deposit is detached, leaving an
ulcerated surface. The ulcer is at first limited to the mucosa, but it may after-

wards gain in depth and successively involve the sub-mucous and muscular coats.

In the diphtheritic variety the bowel becomes thickened and rigid, and its

calibre narrowed. Internally, the affected portions are variegated in colour, and
uneven on the surface. The wall of the bowel cuts like brawn, the section
presenting a streaky yellowish and red appearance. Microscopically the most
notable appearances are engorgement of the blood-vessels, dilatation of the
lymphatics, thickening of the walls of the smaller veins, increase of small cells, and
the presence of an amorphous granular substance in the meshes of the connective
tissue, the cells of which undergo degenerative change.

The necessary termination of the diphtheritic form is sloughing and gangrene.
The sloughing arises in some cases from the compression of the vessels and
tissues by the exudation and the multiplication of lymphoid cells ; but in other
instances, arrest of the circulation of blood and lymph from the action of the virus
appears to give rise to necrosis, sloughing, and gangrene.

Amoebic Dysentery.—In amcebic dysentery, to use the words of Lafleur, " thicken-
ing of the bowel is a constant and very characteristic feature. It may involve
all the tunics, but is especially marked in the sub-mucosa, and is sometimes
limited to it. It consists in a general oedema, and in localised areas of thicken-
ing, which appear on the surface of the mucous membrane, especially its folds, as
sharply circumscribed hemispherical or ovoid projections, over which the membrane
is slightly reddened or discoloured. When incised they are found to contain a
pale or grayish-yellow, viscid material consisting of detritus of tissues, red
corpuscles, and amoebae." When the mucous membrane gives way, ulcers are
formed, which tend to burrow beneath the mucous coat, and often communicate
with neighbouring ulcers. The ulcer is primarily seated in the sub-mucosa, and
spreads by further infiltration and softening of the surrounding thickened sub-
mucous tissue. Its edges are ragged, the base sloughy, clean, or granulating
according to the stage in which it is found.

The microscopic appearances in amcebic dysentery differ little from those met
with in other forms. We have the same engorgement of blood and lymph vessels,

the same cedematous thickening, the same increase of small cells. The connective
tissue cells undergo degeneration, and the intercellular substance becomes
converted into an amorphous, granular mass. The glandular structures are only
secondarily affected.

The lesions of chronic dysentery are multiform. As results of the primary
acute attack, we meet with fibrous bands or plaques formed during the process of

repair. These sometimes give rise to constrictions of the gut. Side by side with
these may be found portions of the bowel which have undergone atrophy, involv-

ing more or less all the coats, or confined to the glandular structures. As a result

of the chronic inflammatory process, we meet with more or less diffuse thickening
and induration. In some cases the affected portions of the bowel are semi-
cartilaginous to the feel. Chronic ulcers are also frequently met with, especially

above constrictions or contractions. When death has followed an acute exacerba-
tion the lesions characteristic of the acute form will also be present.

Associated Pathology.—The mesenteric glands in acute dysentery are en-

larged and hypersemic ; in the chronic disease, enlarged, pigmented, indurated, and
sometimes the seat of cheesy deposits. When ulceration has ended in perfora-

tion, diffuse peritonitis will be found. Much more frequently perforation is pre-

vented by partial peritonitis, with effusion of lymph and the formation of adhesions
to the neighbouring viscera. The colon may thus be adherent to the coils of the
small intestines, to the stomach, to the under surface of the liver, or to the spleen

;

these adhesions often seriously affect the functions of the bowel. In a con-

siderable proportion of cases of tropical dysentery, especially of the amoebic kind,

the liver is the seat of solitary or multiple abscesses, or of pysemic deposits. It

may also be found congested and hypertrophied without abscess. The spleen is

usually normal, never enlarged unless as a result of a malarial complication ; in
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exceptional cases it contains suppurating foci. The kidneys in acute cases are

generally healthy, but when septicemia has developed they may exhibit the lesions

of acute nephritis. In chronic cases they not infrequently present the characters

of one or other of the forms of chronic Blight's disease.

Repair.—The process of repair in all forms of intestinal ulceration is the same,
and differs in no respect from what is observed in ulcers elsewhere. Granula-
tion tissue springs up in the base and sides of the ulcer. Its a'dematous or

indurated edges become levelled down by absorption ; overhanging portions of the

mucous coat become attached to the subjacent tissue. When the loss of substance
has been comparatively limited no cicatrix remains, and little beyond pigmenta-
tion marks tne site of the ulcer. Extensive ulcers heal by the formation of

cicatricial tissue, which restores the continuity of the bowel but too often leads to

constrictions.

Symptoms.—Non-Amoebic Dysentery.—When the disease is epidemic,

dysentery frequently sets in suddenly, the patient having up to the time of

attack been in perfect health. In the endemic dysentery of warm climates,

cases are now and then met with in which the dysenteric symptoms, as

Annesley remarks, are present "from the first hour at which the patient

complains." It is in these cases that the disease is apt to be ushered in by
a chill or rigor. More frequently the advent of the disease is less abrupt.

The patient has been troubled for a week or more with constipation, or

alternations of constipation and bilious, mucous, or serous diarrhoa. In

other cases, symptoms of indigestion precede the attack, which then begins as

a simple diarrhcea. In whatsoever way the disease begins the first motions

are usually loose and feculent, they then become mixed with blood-stained

mucus. After a time the faeces disappear from the stools, which now con-

sist of little else than blood and mucus. The motions are preceded by
severe colicky or griping pains and are passed with straining. Straining is

most marked when the disease is seated in the sigmoid flexure and rectum.

The number of motions varies according to the severity of the disease. In

mild cases the stools do not exceed ten or fifteen in the twenty-four hours

;

in severe cases there may be as many in an hour, and the desire to go to

stool is constant. Long, painful straining results in the passing of a small

quantity of a gelatinous, semi-transparent, sometimes bile-coloured mucus,

tinged with blood, which affords little or no relief. The patient is with

difficulty induced to quit the commode. In some cases blood is more
abundant, and small clots may be passed.

The constitutional symptoms during this stage are comparatively slight,

even when the motions are frequent and the pain distressing. There is

little or no rise in the temperature. The pulse is slightly increased in

frequency, the tongue is coated, the appetite impaired, occasionally there is

nausea, but seldom vomiting unless the liver is involved. The patient is

restless and irritable.

Such are the leading symptoms of the catarrhal stage. If the disease is

arrested at this point, the bowel suffers little damage, and recovery is

usually rapid and complete if ordinary care is taken during convalescence.

The first sign of improvement is the reappearance of faeces in the stools.

This is followed by a decrease in the number of motions, the disappearance

of the abnormal discharges, and the relief of the griping and straining.

Should the disease continue to make progress, the stools undergo a

change. They lose their mucous, slimy character and become watery,

of a dark-red colour, not unlike the washings of meat. Their odour is

distinctive, and sui generis, different alike from the mawkish smell of the

first and the distinctly gangrenous odour of the third stage. When allowed

to rest a sediment subsides, consisting of epithelium, blood corpuscles, pus

cells, debris of tissue, and small shreddy sloughs. The fluid portion is
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found to be rich in albumin. It has been estimated that in a dysentery of

moderate severity, some fifty or sixty grammes of albumin is discharged
daily. In this stage prolapsus of the bowel is often troublesome, and when
the disease is seated in the rectum, the bladder often becomes affected, and
dysuria, strangury, and retraction of the testicles supervene, giving rise to

more distress than that caused by the symptoms directly referable to the
bowel. The constitutional symptoms during this stage are more marked.
There may be more or less fever of a remittent or intermittent type, with
evening exacerbations. The evening rise in the temperature seldom, however,
exceeds two or three degrees Fahrenheit, if the case is uncomplicated. The
pulse is fast, weak, and soft ; the tongue tends to become dry ; there is gener-

ally entire loss of appetite; there is thirst, nausea, perhaps occasional

vomiting, the urine is scanty and may contain traces of albumin, and there

is rapidly increasing emaciation and debility. The intermittent colicky

pains of the first stage continue, and there is sometimes added a persistent

feeling of uneasiness or distinct pain in the tract of the large intestine,

increased on pressure.

If the disease now takes a favourable turn, the stools become feculent

and all the symptoms moderate, but the convalescence is prolonged, and is

apt to be interrupted by the slightest imprudence in diet or regimen.

The transition to the third stage is marked by the stools assuming a

distinctly gangrenous odour, becoming less watery, of a dark-brown coffee

colour, sometimes with a greenish or yellowish scum, and containing shreds

and sloughs, and sometimes blood-clots. The sloughs are of various colour,

size, and thickness. Some are thin and shreddy, of an ashy, olive, or dark
colour indicating gangrene of the mucosa ; others are thick and pus-in-

filtrated, derived from the mucous and sub-mucous coats. In comparatively
rare instances tubular sloughs are discharged. I have seen sloughs of this

kind several inches in length. These may project for a time from the semi-

paralysed anus, causing much pain. Dutrouleau relates a case in which a

patient recovered after passing nearly 14 inches of the mucous and sub-

mucous coats. Another case of recovery is recorded by Fayrer in which a

dark-gray tubular slough, about a foot in length, was first discharged, and
then another three inches in length. It is not, however, to be concluded
from such instances that recovery is anything but a very rare event when
tubular sloughs consisting of the coats of the bowel, and not of croupous

deposits, are discharged. The few cases of this kind that I have seen have
proved fatal.

When the gangrene is progressing to a fatal termination, the pains sub-

side. The anus becomes relaxed and patent, the motions pass involuntarily,

the temperature often falls below the normal, the features become shrunken,
hiccup .supervenes, and the patient dies in a state of collapse. Typhoid
symptoms, on the other hand, may develop, and the temperature then con-

tinues above the normal. Occasionally perforation occurs, and the patient

succumbs to acute peritonitis. When the strength is maintained, and
algid and typhoid symptoms are absent, hope of recovery is not to be
abandoned.

I described in 1893 a form of dysentery in which the caecum and
ascending colon are chiefly affected, which often follows or is complicated

with malaria. This was the prevailing type of the disease in the Ashantee
campaign of 1874. In this form the motions at first are loose, frothy,

yellowish or greenish, mixed with mucus and blood, and passed with little

straining. As the disease advances, they become chocolate-coloured and
deposit a grumous sediment of pus, blood, shreds and sloughs. What
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appears to be the same type of dysentery has since been described by Babes,

who supposed it to be peculiar to Eoumania. Marchiafava has met with

similar cases in Italy, and has found it to be a mixed infection of arncebse,

bacillus coli, streptococci, staphylococci, and other bacteria. This disease

runs an acute course and seems to be only met with in malarious regions.

We have tried to depict the more common features of non-amcebic

dysentery, but every individual case presents certain peculiarities, and con-

siderable differences in respect to particular symptoms are sometimes

observed. In some cases, for example, the stools remain feculent through-

out the catarrhal stage, or there is an occasional motion of green or yellow

feculent matter. The frequency of the stools is not always in proportion

to the severity of the disease. I have notes of fatal cases in which the

stools have not exceeded twelve in the twenty - four hours. Sloughing

occasionally takes place when the mucous stools would indicate that the

disease is in the first stage. The second and third stages are occasionally

not defined. Vomiting is sometimes an urgent symptom when, after death,

no disease of the liver is found. It may finally be noted, as a point of some
prognostic importance, that hiccup may persist for days in comparatively

mild cases. The gravity of this symptom when combined with prostration

and a typhoid condition is well known.
Amoebic Dysentery is gradual, as a rule, in its onset, intermittent in its

progress, and protracted in its course. It generally runs on for many
months, and sometimes for one or two years. It begins for the most part

with a painless diarrhoea, with intervals in which the motions are formed or

the bowels constipated. The stools during the exacerbations are loose and
yellowish, and contain mucus, and occasionally a little blood. This state of

things may continue pretty much throughout the tedious course of the

illness, the patient losing in flesh, and becoming weak and anaemic. The
real nature of the malady may only be discovered when symptoms of liver

abscess supervene. In more severe cases, the periods of quiescence are short,

the exacerbations frequent, protracted, and severe. During the exacerba-

tions the stools are loose or watery, yellow, greenish, or gray in colour,

and contain mucus, with streaks or clots of blood, and small gelatinous

necrotic masses derived from the intestinal ulcers. The patient suffers

from colicky pains, but there is little tenesmus.

Grave symptoms may appear suddenly in a case that had previously

been running a mild course, or the successive exacerbations may increase in

severity until the disease assumes a dangerous type. In this grave form the

patient suffers from severe colicky pains, and in some cases from a minor
degree of tenesmus. The motions number twenty or thirty daily. At first

they are scanty and consist chiefly of blood and mucus ; at a later period they
become more copious and watery, are extremely offensive, and contain debris

of tissue and sloughs. When these cases run on to a fatal termination the

general symptoms are those of the gangrenous dysentery already described.

This severe form may be primary, in which case the disease begins

abruptly and runs on in a few weeks to gangrene. It will probably be
found that in these acute cases the bacteria of ordinary dysentery play the

principal role.

Chronic Dysentery.—Chronic dysentery either begins insidiously, de-

veloping out of a simple diarrhoea or a subacute form of dysentery, or it is

a sequel to the acute disease. Many of the cases of tropical dysentery

which begin insidiously as an intermittent diarrhcea are probably amoebic,

but we meet with cases, chronic from the beginning, which are clearly non-
amcebic. These cases often run a much more protracted course than amoebic
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dysentery. We meet with instances of this variety which persist with
intervals of quiescence for seven, ten, or fifteen years.

Chronic dysentery is, however, generally a sequel of the acute disease.

The acute symptoms subside, but a tendency to looseness persists, with
occasional traces of blood and mucus in the stools, and recurring attacks of

colicky pains or of abdominal discomfort. These symptoms disappear for

a time, and the patient resumes his ordinary habits, when a subacute
exacerbation shows that the primary attack had left behind it latent

mischief which a chill or some slight indiscretion in diet sufficed to stir into

activity. Now follow periods of quiescence, during which for a few days or

weeks the bowels may be normal or constipated, the prevailing condition,

however, being a tendency to looseness. These alternate with periods of

exacerbation during which the stools are dysenteric and passed with griping

and straining. The appetite after a time is lost or becomes capricious ; the
digestion is impaired ; often there is nausea, occasionally vomiting, and. the

patient emaciates and becomes anaemic.

When the bowel has become narrowed by cicatrices, or its action

impeded by adhesions, resulting from the primary attack, or by thickening

set up by the chronic inflammation, the symptoms of intestinal stenosis

develop. The evacuations are passed with difficulty ; the abdomen becomes
tumid and tender ; there is a distressing feeling of distension, the breath
acquires a feculent odour, the complexion becomes earthy, the tongue
glazed, the skin dry, and the patient sinks from exhaustion or is carried off

by some intercurrent malady.

Special Forms and Complications.—Malaria.—We must distinguish between
dysentery complicated with malaria, and dysentery caused by malaria. When the
patient is not immediately suffering from malarial paroxysms, the fact of his

having recently done so sometimes shows itself either in an evening rise of
temperature or in a return of aguish attacks. In many instances the previous
malaria has no effect whatever on the course of the dysentery. An evening rise

of from one to three degrees is often ascribed to malaria when it is really caused
by septic absorption. When dysentery coexists with actual paroxysms of malarial
fever, the two diseases may run their course without the one perceptibly influen-

cing the other. In other instances the dysenteric symptoms become aggravated
during the paroxysm, but the contrary result is also occasionally observed, the
dysenteric symptoms subsiding during the fit.

There is a form of pernicious malarial attack which is characterised by in-

termittent dysenteric attacks. The symptoms subside or disappear during the
intermission to recur at quotidian or tertian intervals. This is an exceedingly
rare form of pernicious fever. Much more common is an intermittent intestinal

haemorrhage. The blood passed may be pure or mixed with faeces. In these cases
we have to do with malaria, not with dysentery. But malarial fever may give rise

to perhaps more than one special form of dysentery, which may be looked upon as
substantive diseases. The fever-stricken troops in the great fever epidemy in
Mauritius in 1866-67 were attacked with a dysentery characterised by discharges
of a thin, smoky, dark fluid, with no trace of feculent matter. Sometimes sloughs
were passed, sometimes none. There was a marked tendency to collapse. On
autopsy a total sloughing of the large intestine was observed in some cases, while
in others the only morbid appearance was a prominent state of the glands.
Ipecacuanha was of no service in this form of dysentery, but large doses of
perchloride of iron were frequently useful.

Scorbutus.—In persons suffering from scurvy dysentery begins as a diarrhoea,

and throughout its course the motions are generally more copious and less

frequent than in the ordinary forms of acute dysentery. The stools consist of

faeces, mucus, and a considerable amount of sanguineous fluid, often with sloughs.

The tormina and tenesmus are less severe. The ordinary symptoms of scurvy will

of course be present. It must be remembered that if scorbutus predisposes to
dysentery, so does chronic dysentery predispose to scurvy. The combination of

these two diseases forms one of the most fatal maladies in besieged cities.

Rheumatism of the large joints has been very common in some epidemies of
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dysentery in Europe. One joint after another may be attacked, or the disease
may be confined to one joint, generally the knee. The swelling and pain are con-
siderable, but it is rarely accompanied by fever, and still more rarely does it

terminate in suppuration. It is analogous to the joint affection of Malta fever.

Paraplegia or a reflex character is an occasional sequel both of acute and
chronic dysentery.

Epidemic Gangrenous Bectitis, the Caribi or Buck sickness of British Guiana, is

a highly infectious malady, which has repeatedly occurred in destructive outbreaks
among the Indian population. It has also been met with in Trinidad, Brazil, and
Peru, in which places the white population has not been spared. The same, or a
similar disease, combined with a gangrenous stomatitis, is said by Corney to be one
of the most fatal diseases in Fiji and some of the other islands of the Pacific.

The leading symptoms are those of gangrene of the rectum with dilatation of the
sphincter ani. The disease is generally limited to the rectum, but it occasionally
attacks the transverse colon primarily; hence a distinction is made between the
" high " and " low " forms. In other instances the disease beginning in the rectum
afterwards involves the whole of the large intestine.

Diagnosis.—In simple and ulcerative colitis the stools contain blood

and mucus, and in the ulcerative form, pus and sloughs are present and
liver abscess may develop. The chief points of distinction are that in

colitis we do not have the serous stools like washings of meat, nor the same
constant desire to go to stool, nor the severe tormina and tenesmus
generally met with in dysentery.

Bectitis differs from dysentery in this, that although there are frequent

stools of a dysenteric kind, with tenesmus, the patient passes healthy

motions daily or every other day, according to his habit.

Bilharzia disease of the sigmoid flexure and rectum simulates sub-

acute and chronic dysentery. An examination of the stools, and of the

mucosities detached from the Bilharzia infarctions of the bowel, for the eggs
of the parasite, will reveal the true nature of the disease.

The diagnosis of the amoebic form will depend on the discovery of the

amoebae in the mucus, the gelatinous necrotic masses, and the faeces. The
stools should be kept at the temperature of the blood from the time they
are passed until the examination is finished.

The diagnosis of the accidents arising during dysentery seldom present

much difficulty. Invagination of the bowel occasionally occurs during the

course of dysentery and diarrhoea in children. The sudden change in the

condition of the patient, the supervention of vomiting, at first of the

contents of the stomach and finally of feculent matter, the tympanitic
state of the abdomen, pain on pressure at the site of the invagination,

without generalised tenderness, indicate the nature of the accident. The
symptoms of perforation are those of acute generalised peritonitis and
cannot be overlooked or mistaken. Acute limited peritonitis resulting

from inflammation of the serous coat of the bowel consequent on an ulcer

penetrating to or below the muscular coat gives rise in many cases to more
or less generalised abdominal pain, but the tenderness is limited to the part

in which the disease is seated. The abdomen is not tympanitic, and the
constitutional symptoms of perforation or invagination are absent.

Mortality and Prognosis.—The case mortality in the army of India,

which was about 11 per cent in the ten years ending 1857, fell to 3 3 per
cent in the five years 1871-75. A corresponding decrease has taken place

in the French army. In war times, not only does the number of cases

increase, but also their fatality. In the German military practice during
the war of 1870-71, the case mortality was 6 per cent.

The marked decrease in the case mortality of dysentery during the last

half-century is in part, no doubt, the result of improved methods of treat-
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merit, but to a much larger extent it is the effect of improved hygiene,

which has at once lessened the prevalence and the severity of the disease.

The army returns include many cases of the mildest forms of the disease

that are dysentery in little else than the name. A more just idea of the

gravity of the disease is to be gathered from the mortality in cases of

sufficient gravity to require admission into civil hospitals. In the Calcutta

Hospital (1879) the ratio of deaths to admissions was 22'2 ; in Mauritius

(1888) it was 22*7 per cent.

The prognosis must always be guarded as the mildest cases are liable to

undergo unexpected aggravations, and this is especially true of amoebic

dysentery. In epidemic dysentery the type of the outbreak has also to be

taken into account, as some epidemies are much more fatal than others.

The passage of the disease from the mucous to the serous stage, notwith-

standing early and efficient treatment, renders the prognosis more grave.

The immediate danger is increased, and the risk of the disease becoming
chronic is greater. The prognostic significance of sloughs in the stools

depends not only on their number, size, and thickness, but also very much
upon the way in which the patient supports the disease. When the stools

present a gangrenous odour and the patient is prostrate, the prognosis is

grave even if there are no sloughs in the stools. Typhoid symptoms, or a

tendency to collapse, are ominous, and all the more so if hiccup is conjoined

with these symptoms.
In forming a judgment respecting the probable issue of a case of chronic

dysentery we have to take into consideration not only the severity of the

symptoms, the duration of the disease, its effect on the patient's health,

the presence or absence of contractions and adhesions interfering with the

functions of the bowel, but we must also take into account the ability of the

patient to obtain change of chmate, rest, and care, and his readiness to

submit to those restrictions in respect to diet and modes of life upon which
the success of treatment largely depends.

Prophylaxis.—The methods now being tried of producing an immunity
by the use of prophylactic serum are as yet outside the sphere of practical

medicine, and our chief hope will probably always lie in obviating the pre-

disposing and exciting causes of the disease. The recognition of the

infectious nature of dysentery lies at the root of its prophylaxis.

Dysenteric stools should be disinfected, and either deeply buried at a

distance from dwellings or cremated. Soil in the neighbourhood of dwell-

ings and drinking-water should be guarded from faecal pollution. In

countries where the disease is endemic the precaution of boiling the water

before using it, unless it is above all suspicion, should never be neglected.

The influence of muscular exhaustion, of exposure to cold after being heated,

of insufficient nourishment, of excesses in food and alcohol, in predisposing

to dysentery must be borne in mind. Other measures of prevention will be

deduced from a careful study of the etiology of the disease.

Treatment.—Of primary importance in the treatment of all forms of

dysentery are rest and diet. The patient is to be strictly confined to bed
throughout an acute attack, whether mild or severe. Even motion in bed

is to be avoided as far as possible. The bed-pan should be used to obviate

the necessity of the patient getting up to stool.

Fresh milk given lukewarm is, perhaps, the best diet in most cases.

When fresh milk cannot be obtained, condensed milk may be substituted.

When ordinary milk is not well digested, peptonised milk, or milk diluted

with lime water, may be found to answer. In a considerable number of

cases milk in any form disagrees. Manson remarks that when the tongue
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is coated milk is often not well borne. This is true, but it also occasionally

disagrees with patients when the tongue is clean. In these cases good beef

tea, chicken soup, or barley water may be substituted. Whatever may
be the food selected, it should be given in small quantities in the intervals

between the doses of ipecacuanha, if this remedy is used. As a rule,

alcohol is not only unnecessary but hurtful, but in some outbreaks the free

use of wine and water has done good.

The causal indication, which is to destroy the pathogenic agents of the

disease, can only be imperfectly carried out. Salol has been, recommended
by Easch, Fisch, and Kartulis. It may be given in 15 to 20 grain doses

in cachets, and may be used along with castor oil or other purgatives.

Naphthalin has been given by mouth and enema with some success by
Rossbach and Novikoff. It may be given in 15 -grain doses four times

daily by the mouth or in enema dissolved in olive oil or suspended in

some mucilaginous menstruum.
Benzo-naphthol appears to be deserving of further trial. It has little

toxic power. It passes through the stomach unchanged, breaking up in the

intestine into beta-naphthol and benzoic acid. It is specially indicated

when the kidney is diseased. Thirty to fifty grains or more may be given

daily in divided doses. In the present state of our knowledge these

remedies are rather to be looked upon as auxiliaries to other methods of

cure, than as means of cure to be trusted to alone.

The indications from the disease are to prevent the healing process being

disturbed by the passage of excrementitious matter over the inflamed surface,

and to secure rest for the bowel by the use of sedatives, such as Dover's powder.

Of the importance of a non-irritating diet enough has been said. Ex-
perience proves that there is danger in attempting to arrest the peristaltic

movements of the bowels by opiates. Many cases may recover under such

treatment, because many cases will recover without any treatment other

than rest and dieting, or in spite of inappropriate treatment. I have seen

this method of securing mechanical and physiological rest for the bowel
tried on a large scale by an eminent physician, and I am bound to say

that the results were disappointing.

The symptomatic indications are to relieve pain and local irritation.

Small opiate enemata are occasionally useful when tenesmus and dysuria

are distressing. Poultices, fomentations, and turpentine stupes often afford

considerable relief. Poultices if they are to be of service should cover the

whole abdomen, and be renewed before they begin to feel cold to the patient.

A warm bath given at the commencement of the disease is useful if care be
taken to prevent a chill.

Quite recently serum methods of cure have been tried, but their value

has not yet been demonstrated.

The most successful treatment of dysentery is purely empirical, and con-

sists in the use of ipecacuanha, salines, or mercurials. Ipecacuanha and salines

are alternative remedies adapted to the same forms of the disease. In
severe cases, if there is no contra-indication to its use, ipecacuanha should,

I think, be employed. Salines are to be preferred in the case of young
children, delicate persons, pregnant women, and when ipecacuanha cannot
be tolerated. Mercury is to be resorted to in those cases only in which
the other remedies have failed, and in epidemies in which they have been
found inefficacious. As it is impossible to distinguish from the symptoms
the class of cases likely to be benefited by one or other of these remedies,

the ipecacuanha or saline treatment should always be employed in the first

instance, and receive a fair trial.
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Use of Ipecacuanha.—The method of using ipecacuanha is as follows :

—

The patient should abstain from food and drink for three hours. A large

sinapism is to be placed over the abdomen, and 30 to 60 grains of

ipecacuanha powder are to be administered in bolus or cachet. More or less

nausea will result, and after a time vomiting generally ensues. If the

drug is retained for three-quarters of an hour or longer, its curative

action will not be impaired even if a considerable portion of the powder
is then rejected. These doses are to be repeated twice or three times daily,

according to the urgency of the case and the tolerance of the remedy, and
are to be persisted in until the symptoms subside or until it is evident that

the treatment is ineffectual. No advantage in the way of preventing nausea
is to be expected from a reduction of the dose, for large doses often give

rise to less disturbance than small ones. Nor is vomiting, unless excessively

protracted, to be looked upon as something to be avoided. On the contrary,

by emulging the bile-ducts, by causing free perspiration, and by the general

succussion of the system to which it gives rise, the emetic action of

ipecacuanha is salutary in dysentery. Should the remedy be rejected

shortly after it has been taken, twenty drops of laudanum should be given

before the next dose, the mustard plaster being again applied.

The first sign of improvement is usually the appearance of fseces in the

stools, followed by an abatement of all the symptoms. The remedy should

be continued at longer intervals until the blood and mucus has disappeared

from the stools. If diarrhoea continues, it may be treated with Dover's

powder or bismuth.

De-emetinised ipecacuanha has been recommended in the treatment of

dysentery, but its value as a substitute for the ordinary powder is doubtful.

Saline treatment.—In the saline treatment the sulphate of sodium is

the salt generally preferred, as being less nauseous and irritating than the

magnesium sulphate. Three-quarters of an ounce, more or less, according to

the age of the patient and the effect of the drug, is to be given either in a

single dose in the morning, or in smaller doses repeated every half-hour until

its purgative effect is manifest. These doses are to be given daily until the

stools lose their dysenteric character. Given in this way its purgative

action is over before night.' Trousseau was of opinion that the cure is the

more certain the greater the number of the evacuations. I quote this

opinion to emphasise the fact that no danger is to be apprehended from
free purgation, while the employment of small irritating doses is worse than

useless.
,
I conceive, however, that excessive purging is not without danger.

Some recommend 60-grain doses of Epsom salts with 10 minims of dilute

sulphuric acid every hour, until the bowels are freely opened, instead of

sodium sulphate.

Other purgatives may sometimes be preferred to salines. Birch advises

the use of castor oil emulsion in the dysenteric affections of children, after

having cleared out the bowel by a dose of the common oil. " In a couple

of days the motions will lose their slimy, bloody, and curdy appearance,

and the case is resolved into one of simple diarrhoea." It may be added

that castor oil has been successfully used in the dysentery of adults.

Use of Calomel.—Calomel administered in scruple doses twice or three

times in twenty-four hours was at one time looked upon as a specific in

dysentery. Trousseau and Bretonneau tried this treatment with success in

an epidemy at Touraine, but had to abandon it on account of the salivation

it occasioned in some subjects. When given in these doses its action is

probably chiefly evacuant, like that of sulphate of sodium. Ipecacuanha
or salines being safer, this method of treatment has been abandoned.
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In some epidemies calomel given in moderate doses has proved service-

able when ipecacuanha and other remedies have failed. Niemeyer is of

opinion that in the higher grades of dysentery, one grain of calomel with

a quarter of a grain of opium given every two hours is the best treatment.

His experience was derived from the epidemic type of the disease in Europe.

Scheube, whose authority carries great weight, gives calomel in doses of

4 to 7 grains every four or six hours, obviating constipation, if neces-

sary, by an occasional dose of castor oil. He has not found salivation to

result when so given. He adopted this treatment in preference to any
other in the dysentery of Japan, where the disease is frequently epidemic

and probably of the diphtheritic type. My experience of the use of calomel

has been limited to cases which proved rebellious to ipecacuanha, and I have

given it in grain doses combined with a quarter of a grain of opium, at

hourly intervals for the first few doses, then at longer and longer intervals.

When a case of dysentery has been treated with ipecacuanha in large doses

from the beginning, and notwithstanding passes into the serous stage, per-

severance in the use of ipecacuanha is not likely to prove of sendee, and I

think calomel should be at once resorted to. If, however, the case has not

been treated from the commencement, ipecacuanha should not be abandoned
because the disease passes into the serous stage, but should be persevered

with until it has had time to act. Calomel should neither be resorted to

precipitately nor its use delayed until the case is hopeless. When the first

cases in an epidemy prove unamenable to ipecacuanha it will not, of course,

be necessary to begin every case with ipecacuanha or salines, but if calomel

proves serviceable it should be given from the beginning.

I have found frequent fractional doses of calomel or gray powder
of great service in the dysentery of children. In some forms of bowel
complaint in children, with frequent, slimy, bloody stools, a grain of

the perchloride of mercury dissolved in ten ounces of water and given,

as Ringer recommends, in doses of 30 to 60 minims hourly is very

useful.

When distinct paroxysms of malarial fever accompany dysentery, quinine

is to be given along with ipecacuanha or salines. If dysenteric symptoms
intermit, the disease is to be treated by full doses of quinine alone. We have
mentioned a form of dysentery associated with malarial fever in which
ipecacuanha was useless, but which yielded to perchloride of iron in large

doses. This observation should be borne in mind. In the form of dysentery

in which the crecum is chiefly involved, and which is often complicated with
a severe type of malarial fever, the great prostration contra-indicates the

use of ipecacuanha. Quinine and small purgative doses of castor oil, with
20 to 30 minims of oil of turpentine, have seemed to me useful in

this form of the disease.

When complicated with scorbutus, the patient should be put on milk
diet. A free use of lime or lemon juice is indicated. Grapes, oranges, or

pomegranates may be given when lemons cannot be procured. Bael fruit

given in the form of sherbet is recommended by Maclean. Solution of the

pernitrate of iron, or oil of turpentine, 15 to 20 minims in almond emul-
sion, are the best means of checking the haemorrhage in this form of the

disease.

Pain and swelling of the joints are to be treated by local applications

of opium and belladonna, the affected joint wrapped in cotton-wool and
swathed with flannel.

In severe haemorrhage arising from erosion of a large vessel, indicated

by a copious discharge of clotted blood, astringent injections may be of
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use if the seat of the lesion is in the rectum or sigmoid flexure, other-
wise our chief reliance must be placed in hypodermic injections of ergotin.

The full dose of 10 minims of the pharmacopceial preparation should be
employed.

In epidemic gangrenous rectitis injections of lemon juice, suggested by
native methods of cure, should be tried, the bowels at the same time being
acted on by gentle purgatives.

The medicines chiefly employed in the treatment of amcebic dysentery
are calomel, salol, and quinine given by the mouth, and solutions of quinine,
corrosive sublimate, and nitrate of silver in enemata. As an injection

quinine is used of a strength of 1-1000 or 1-500 ; corrosive sublimate 1-5000,
and nitrate of silver, thirty grains to a quart. One or two pints of these

solutions are to be injected three or four times daily. The results hitherto

obtained from these remedies have been somewhat disappointing.

Chronic Dysentery.—A patient suffering from chronic dysentery
contracted in the tropics should be invalided home without delay. If the
patient's return falls in winter, it is better, if his circumstances permit, that
he should pass a month or two on the Kiviera. In any case, great care

should be taken as regards clothing. Flannel underclothing and the use
of an abdominal belt should be insisted upon. The disease is one which
gives rise to great anaemia and debility; the diet, therefore, should be
nourishing and easily digested. During the periods of quiescence meat
should be allowed. Graves remarks in one of his lectures that he had met
with cases of chronic dysentery, " which had obstinately resisted the most
varied remedies assiduously employed, get well after a liberal allowance

of meat was given, and the first thing I should do," he says, " when called

upon to treat a case of dysentery of long standing, would be to put my
patient on a full meat diet." During the acute or subacute exacerbations

the patient should be put upon the diet recommended for the acute disease.

Milk and light farinaceous foods generally answer best during these ex-

acerbations.

Eest in bed should only be enjoined during an exacerbation. Exercise,

short of fatigue, is beneficial. When the patient is unable to walk, carriage

exercise should be taken. The chances of recovery depend largely upon
attention to these details.

Acute and subacute intercurrent attacks are to be treated on the general

principles applicable to the acute disease. Instead of the powder of ipe-

cacuanha, an infusion of 100 grains each of ipecacuanha root and simaruba

bark in ten ounces of water, given in ounce doses three or four times a day,

is to be preferred. When the acute symptoms abate and the stools become
diarrhoeal the dose is to be reduced, and a few drops of laudanum added.

Constipation is to be obviated by the gentlest laxatives. When, on the

other hand, looseness is troublesome, Dover's powder, salicylate of bismuth,

and bael fruit are the most trustworthy remedies. Injections of nitrate

of silver or sulphate of copper are of value when no acute symptoms are

present, especially if chronic ulcers are present in the lower part of the

bowel. A wet compress to the abdomen is often useful when the bowel

is congested or ulcerated. Emollient enemata and gentle purgatives

will be required when cicatricial contractions impede the evacuation of the

bowel.
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Dysidrosis. See Sweat Glands.

Dysmenorrhcea. See Menstruation.

Dyspepsia. See Indigestion.

Dysphagia.—Before referring to the various conditions that may
induce dysphagia or difficulty of swallowing it is advisable to briefly consider

the physiological processes governing the act.

The act consists of three stages— the first being entirely voluntary,

the second partially so, and the third entirely beyond the control of the will.

The first stage consists of the passage of the food as far back as the anterior

arch of the fauces, this being accomplished by the intrinsic muscles of the

tongue and muscles of the cheek and mouth. In the second stage the

tongue is retracted, the glottis is closed, the larynx, soft palate, and pharynx
are raised, and the bolus of food is brought into the posterior part of the

pharynx. During this stage the food is prevented from passing into the

nose by the combined action of the tensor and levator palati ; and the

larynx is closed effectively both at its upper and lower parts by the approxi-

mation of the true and false cords. The third stage is reached when the food

descends through the grasp of the constrictors and enters the oesophagus

—

when by means of a twofold movement, the longitudinal muscular fibres

being retracted and the circular fibres contracted, the food is propelled into

the stomach.

The causes of dysphagia will readily be understood from a consideration

of the structures involved in the process of normal deglutition. These causes

may be summarised as follows :

—

(i.) Acute inflammatory conditions of the tonsils, pharynx, and larynx.

In some cases of sore throat the dysphagia is out of proportion to the severity

of the inflammation, a condition probably due to interference with the action

of the superior constrictor muscle.

(ii.) Involvement of these structures in the course of a general disease,

as phthisis, syphilis, or malignant disease.

(iii.) Inflammatory and other conditions in the neighbourhood not

directly associated with these structures, e.g., parotitis, etc.

(iv.) Stricture of the oesophagus, either of a functional or organic nature.

The most common causes of the latter are malignant disease and aneurysmal
tumours. Great care is necessary in the measures taken to diagnose this

condition. Stricture also results from cicatricial contraction after the

swallowing of various corrosive irritants.

(v.) Paralytic conditions, e.g. bulbar paralysis, post-diphtheritic paralysis,

or the very late stages of progressive muscular atrophy. Any organic lesion

which interferes with the integrity of the centre in the medulla, or of the

efferent fibres passing to the muscles involved, may induce dysphagia. The
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difficulty in swallowing observed in many cases of general asthenia shortly

before death is due to a general failure of the vital powers, and is thus of a

paralytic nature. In these cases, doubtless, the failure is in great part

dependent on a lesion higher than the medulla.

(vi.) Functional Dysphagia.— This constitutes the most interesting

group of all. It may be met with at any point of life, but is most common
in young adults, and in very neurotic children of from ten to thirteen years

old. Like other manifestations of hysteria it is more frequent in women.
The clinical picture varies considerably in accordance with the greater or

lesser development of other hysterical symptoms. The age of the patient,

combined with a study of the temperament, history, and general state of the

patient, readily suffices to distinguish this condition.

Dyspnoea.
See also Eespiration.

The causes of dyspncea will be readily appreciated on consideration of the
neuro-muscular mechanism of respiration. As this is described in detail

elsewhere, it is unnecessary to do more than indicate that during the
inspiratory phase, air passes through the nose, pharynx, larynx, trachea,

large and small bronchi, into the lung tissue proper ; while during expiration,

the air passes from the smaller bronchi through the larger bronchi, larynx,

posterior and anterior nares, to the exterior.

Under normal circumstances this takes place noiselessly, is unattended
with distress or difficulty of any kind, and has a frequency proportionate to

the age and sex of the individual. In all cases of embarrassed respiration,

the cause must be sought in some interference with the neuro-muscular
mechanism of one or more parts of the respiratory tract. Hence the

importance of making a systematic examination.

Inspiratory Dyspnoea may depend on obstruction in any part of the

respiratory tract. The diagnosis of the site of obstruction is frequently

readily determined by careful inspection of the patient and by analysis of the

points made out on extra auscultation. Thus, if there be any obstruction

in the nose or naso-pharynx the respiration is of a noisy character, usually

described as snuffling, and the voice is more or less nasal in quality. In
cases of obstruction due to post-nasal growths (adenoids) the history of the

case and general physiognomy of the patient will assist diagnosis. If the

pharynx be the seat of obstruction the breathing is also markedly rough in

character, the voice is thick, and deglutition impaired. When the seat of

obstruction is in the larynx the quality of the sound is markedly different,

being loud and stridulous in character, especially inspiration.

The dyspnoeas dependent upon obstruction in the trachea or larger

bronchi are similar, and although respiration be noisy, it lacks the stridulous

character of laryngeal obstruction. The causes of respiratory difficulty

are here usually enlargement of the bronchial or mediastinal glands
from tuberculous disease or malignant growth and aneurysm of the

aorta. The rarer causes met with in children are enlargement of the thymus
gland or abscess in the posterior mediastinum, which may be secondary to

disease of the dorsal vertebrae. The diagnosis of tracheal or bronchial

dyspnoea can usually be made after a careful study of the physical signs in

the two sides of the chest, special attention being paid to a comparison of

the amount of air entering each lung and to any alterations in the quality of

the respiratory murmur on the two sides. Additional evidence may also
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be obtained from the nature of the cough, especially if this is considered

along with the results of laryngoscopic examination.

Expiratory Dyspnoea.—This is specially characteristic of emphysema and
asthma, and its nature can readily be determined on extra auscultation.

In some cases it is laryngeal in origin, as, for instance, when due to a pedun-
culated subglottic tumour. A few cases have been recorded where pronounced
expiratory dyspncea in young children has been found post-mortem to be

dependent upon enlargement of the bronchial glands. Such cases are

exceptional, and while their explanation is not very satisfactory the fact of

their occurrence should be borne in mind. The diagnosis of this form of

dyspncea can usually be arrived at from extra auscultation, and can be con-

firmed by finding the physical signs of emphysema and asthma.

Eeference ought also to be made to the very rare form of dyspncea, both

inspiratory and expiratory, met with in cases of gross lesions of the muscles,

e.g. pseudo-hypertrophic paralysis, and from certain injuries or diseases of the

spinal cord.

A diagnosis can usually be arrived at by a careful investigation of each

part of the respiratory tract. This will in many cases include anterior and
posterior rhinoscopy, digital exploration of the naso-pharynx, the use of the

laryngoscope, and a careful physical examination of the chest, especially

with a view of detecting physical signs dependent on pressure on the

trachea, one or other bronchus, or other structures at the root of one lung.

A useful point in differential diagnosis between laryngeal and tracheal

dyspncea lies in the fact, that in the former the larynx makes much
respiratory movement, whilst in the latter it is stationary, however great

the difficulty of breathing may be.

With regard to the severity of the dyspncea in any given case, that depends

not so much on the degree of stenosis as on the rapidity of its development.

Another question calling for investigation is the permanent or intermittent

nature of the difficulty : if the dyspncea be laryngeal in site and constant,

a paralytic lesion is suggested, whereas if intermittent it is suggestive of

spasm ; assistance in diagnosis will also be obtained from a study of the

voice. The absence of voice impairment, however, does not negative a

paralytic lesion, as a bilateral paralysis of the abductors would not be

associated with any voice disturbance.

The foregoing remarks reply particularly to the usual run of cases where

a definite obstruction exists to the inlet of air into the lungs or outlet of

air from the lungs. Numerous other cases are encountered where the

dyspncea is largely produced or aggravated by a general medical cause such

as cardiac disease, renal disease, asthma, emphysema, or acute lung disease

;

and in these affections we may find the exaggerated type of dyspncea known
as orthopncea. Here the attitude is one of intense air hunger. The patient

assumes the position which allows freest play to all the extraordinary

muscles of respiration, and to this end he must be more or less in the

upright posture, the position varying with the severity of the disease.

We must also bear in mind that mental and emotional disturbance may
induce even in healthy subjects disordered respiration, and a tendency to

this will be very much increased if there be present anything of the nature

of an organic cardiac lesion. In this way may possibly be explained the

occurrence of attacks of cardiac dyspncea so frequently encountered. "When

dealing with dyspncea associated with general cardio-vascular disturbance,

the allied symptoms of palpitation and thoracic pain may be of assistance

in diagnosis.

Attention should also be drawn to those cases of embarrassed respiration
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due to mechanical disturbance from intra-abdominal causes, either of a direct

mechanical or of a reflex nature.

Dyspnoea in Children.—The same causes are at work as in the adult, but
here temporary dyspnoea of a spasmodic nature due to spasm of the glottis

is much more frequent. There is also the relative greater frequency of
pressure on the trachea or bronchi from a tumour, glandular enlargement
or abscess in the posterior mediastinum, and also anteriorly from the
thymus gland, and in such cases the difficulties of respiration permanently
present are liable to occasional exacerbations from spasms of the glottis.

The symptoms in such cases are noisy breathing, metallic or croupy cough

;

the attacks of dyspnoea being usually nocturnal, and associated with other
evidences of pressure.

Another factor of importance in the dyspnoea of children is the local

muscular weakness of the chest wall present in rickets. Here the extra-

ordinary muscles of respiration are readily called into play, and in marked
cases of the inspiratory type, the movement of the muscles of the alse nasi

and the indrawing of the lower intercostal spaces with inspiration form
along with other general evidence a characteristic picture.

In older children the great frequency of obstruction due to adenoids
should not be lost si^ht of.

Dystrophies, Muscular. £ee Muscles.

Ear.—The diseases of the ear will be considered in the following

articles. The affections of the auditory nerve and labyrinth have already

been considered in vol. i.
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1. Anatomy and Physiology.—The anatomical subdivision of the organ

of hearing into three parts— the external, middle, and internal ear—
furnishes the clinician with a satisfactory basis upon which to investigate

the nature of the affection in a case of deafness. Impairment in hearing

may be due to causes which exist in one or more of these subdivisions or

their adnexa, and the examination of the ear practically resolves itself into

vol. in 6
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determining in which of them the lesion exists. In estimating the

prognosis, too, and in considering the amenability of the affection to treat-

ment, this anatomical basis serves a useful purpose. For these reasons,

therefore, a brief sketch of the anatomy of the ear and its more intimate

connections forms an essential introduction to its clinical examination.

The external ear consists of the pinna or auricle and the external auditory

meatus, the former collecting the air vibrations, the latter conducting them
inwards towards the tympanic membrane. The externa] auditory meatus is about
one inch and a quarter in length, and has a general direction from without
forwards, inwards, upwards, and downwards, so that it is not a straight canal. It

is made up of two portions, an outer cartilaginous part about half an inch long,

which is movable upon the deeper osseous portion ; the latter measures about three-

quarters of an inch in length. A well-marked angle or prominence exists in the

antero-inferior wall of the osseous meatus and is the chief cause of the difficulty

in the examination of the deeper parts. Beyond this point the lumen of the

canal is again larger, and as its floor slopes downwards towards the tympanic
membrane, a recess or sinus is formed in which foreign bodies may lodge.

The mobility of the cartilaginous meatus is of the greatest assistance in th<-

examination of the ear, as it permits of the canal being straightened to a con-

siderable extent. For this purpose the auricle must be pulled upwards and
backwards. The posterior wall of the osseous meatus has an intimate relation

Section through the whole extent of the middle ear (Barr). A, Antrum mastoideum ; B, mastoid cells ; C,

inner surface of tympanic membranes at lower end of manubrium ; D, head of malleus ; E, body of
incus ; G, fossa for jugular bulb ; H, pyramidal partition of bone separating the canty of the tympanum
from the antrum ma'stoideum ; below the letter H a portion of the canal for the facial nerve is shown ; 1,

dura mater; K, chorda tympani nerve; L, tympanic mouth of Eustachian tube; M, isthmus of
Eustachian tube ; NTand P, cartilaginous walls of Eustachian tube ; O, pharyngeal mouth of Eustachian tube.

with certain of the mastoid cells, and sometimes when these cells are diseased per-

foration into the meatus occurs. The external auditory meatus is closed at its

inner end by the tympanic membrane or drumhead which separates it from the
middle ear. This membrane is formed of three layers : the outer cuticular layer

is continuous with the skin lining the meatus ; the middle is fibrous, an ex-

tension from the periosteum, and consists both of fibres radiating from the centre
towards the periphery and also of circular fibres near the circumference ; the
inner mucous layer is a continuation on to the deep surface of the membrane
of the mucosa lining the tympanic cavity. The blood-vessels pass to the membrana
tympani along the handle of the malleus and thence radiate outwards between
its layers.

Under the term middle ear there must be included the tympanic cavity, the
Eustachian tube, the mastoid antrum, and mastoid cells, all of which are in direct

communication with each other and, through the Eustachian tube, with the naso-
pharynx.

The tympanum, tympanic cavity, drum, or middle ear proper is a small irregular

space interposed between the external auditory meatus and the internal ear or

labyrinth. It is traversed from without inwards by a chain of ossicles, the malleus,

the incus, and the stapes. The malleus or outermost bone is firmly attached to

the tympanic membrane ; the stapes, the most internal of the three, is fixed
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through its footplate to the membrane closing in the fenestra ovalis, which lies

above the promontory at the upper and posterior part of the inner wall of the
tympanum. The incus is the intermediate bone in the chain. The sound vibra-
tions taken up by the membrana tympani are in this way conducted across the
cavity to the labyrinth. It is necessary to draw attention to that part of the
middle ear which lies above the level of the upper margin of the tympanic mem-
brane, specially designated under the terms attic or recessus epitympanicus. This
recess contains the head of the malleus and the greater part of the incus. The
roof of the space is the tegmen tympani, a thin layer of bone, while its outer
wall is formed partly by the ledge of bone which constitutes the inner end of
the roof of the external meatus, and below that by the upper part of the
tympanic membrane known as Shrapnell's membrane. Certain ligaments attach
these two ossicles to the walls of this recess, thus subdividing it, and in the
event of suppuration occurring in it, rendering drainage difficult, and the affection
therefore a more serious one. Such suppurations are usually associated with a
perforation in Shrapnell's membrane. The relations of the facial nerve to the
tympanic cavity are of great importance, and will be studied in detail when the
operations upon the mastoid antrum are under consideration. It should be borne
in mind here that, owing to an occasional congenital deficiency in the bony wall of
the aqueductus Fallopii, facial paralysis may arise in the course of an acute otitis

media. In chronic middle ear suppura-
tion paralysis may follow caries of the
bony wall of the Fallopian canal.

The Eustachian tube forms a direct
communication between the naso-
pharynx and the tympanic cavity,

opening into the latter anteriorly and
superiorly. Its pharyngeal orifice is

situated on the external or lateral wall
of the naso-pharynx, on a level with,
and immediately behind, the posterior
end of the inferior turbinated body.
The direction of this orifice is down-
wards as well as inwards, while pos-
teriorly and superiorly its circumference
presents a well-marked prominence or
cushion. Special reference must be
made to the Eustachian tube, owing to

the important part which it plays both
in the physiology of hearing and in the
pathology of deafness. It is essential

for the proper function of hearing that
equal air-pressure should be maintained
on both surfaces of the tympanic mem-
brane, so that the membrane may fully

respond to the sound vibrations. This
air-pressure is maintained on the inner
surface of the membrana tympani
through the Eustachian tube, the
pharyngeal orifice of which opens during swallowing by the action of the levator

palati and salpingo-pharyngeus muscles. Any condition which tends to narrow
or occlude the tube interferes with its proper function. This intimate anatomical
association with the nose and throat renders the tube liable to share in the
catarrhal affections of these regions, and it also serves as a canal along which
infective processes may readily spread to the tympanum itself.

The mastoid antrum and cells lie behind the tympanic cavity, and are in direct

communication with it posteriorly and superiorly through a short and somewhat
irregular-shaped passage, the mucous membrane being directly continuous from
one cavity to the other. Posteriorly and inferiorly the antrum is separated
from the tympanum by a ridge of bone, so that its floor lies below the level of

the opening of communication ; for this reason, drainage of pus from the antrum
may be interfered with. Both the tympanum and antrum are roofed in by a thin

plate of bone which separates them from the middle cranial fossa. The mastoid
cells vary in their development, and for the most part lie superficial to the
antrum. The connections of the middle ear are well shown in the above figures.

The Internal Ear or Labyrinth.—The third division of the auditory apparatus

Vertical section of the external meatus, membrana tym-
pani, and tympanic cavity (Politzer). a, Cellular
spaces in the superior wall of the meatus, connected
with the middle ear; b, roof of tympanic cavity; c,

inferior wall ; d, tympanic cavity ; e, membrana tym-
pani

; /, head of the malleus
; g, handle of the malleus

;

h, incus ; i, stapes ; k, canalis Fallopiae ; I, fossa
jugularis ; m, glandular orifices in the external meatus
(right ear).
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lies in the petrous temporal, internal to the tympanum, its outer bony wall being
formed by the inner wall of the latter cavity. It consists of the osseous and
membranous labyrinths with the terminations of the auditory nerve in the cochlea

and vestibule ; the cochlear fibres subserve the function of hearing, the vestibular

are concerned with the maintenance of equilibrium. A more detailed account of

the labyrinth and auditory nerve will be found under "Auditory Nerve and
Labyrinth," vol. i. p. 410 et seq.

Clinical examination of the ear will be greatly facilitated by grouping

the different anatomical parts above described under two heads : (1) The
sound-conducting apparatus

; (2) the sound-perceiving apparatus. By the

sound-conducting apparatus we mean the auricle, the external auditory

meatus, the membrana tympani, the tympanum and chain of ossicles,

including the insertion of the footplate of the stapes in the oval window.

The sound-perceiving apparatus consists of the terminations of the auditory

nerve in the cochlea, the nerve-trunk itself, the various tracts in the brain,

and the auditory centre. When the lesion involves the conducting portion,

it is frequently spoken of as producing "obstructive deafness," and when
the perceiving portion is at fault, the term " nerve deafness " is employed.

It is essential that the examination should be conducted along such fines as

will lead to the localisation of the affection in one or other, or in both of

these general subdivisions.

2. Symptomatology.—The chief symptoms and signs in connection with

disease of the ear may be briefly stated to be (a) disturbance in hearing

;

(b) tinnitus, or subjective noises in the ear
;

(c) pain
;
(d) vertigo or giddi-

ness ; and (e) discharge from the ear.

(a) Disturbances in Hearing.— The onset of deafness may be rapid,

or it may be more or less gradual. A sudden onset may result from

a collection of wax in the external auditory meatus, or it may be due to a

labyrinthine effusion. In all cases of sudden deafness, inquiry should be

made as to the previous existence of defective hearing. If the onset is very

gradual, it is often difficult for the patient to give any definite statement

as to the exact time and mode of its origin. In all cases coming under

observation, an examination of both ears should be made, though the patient

may complain of only one of them. Careful testing may reveal incipient

mischief where none was suspected, and prognosis may thereby be influenced.

The more frequent occurrence of the exanthemata in children, and the

greater tendency for acute inflammatory processes to pass from the naso-

pharynx to the middle ear, render that organ more liable to inflammatory

attacks in the young. In adult life, on the other hand, the chronic catarrhal

affections of the tympanum are more common, while in advancing years the

auditory nerve tends to react less readily to sound vibrations. Heredity

undoubtedly plays a part in the causation of some forms of deafness, thus

necessitating a careful inquiry into the family history in such cases. The
presence or absence of certain anomalies in hearing should be inquired into,

such as hearing better in a noise {paracusis Willisii), or double hearing

(diplacusis). The patient may complain that certain sounds produce almost

a painful impression, hyperesthesia acoustica, but this is a less common
anomaly.

(b) Tinnitus Aurium or Subjective Noises in the Ear.—Subjective sen-

sations of sound are very frequently complained of ; these sounds have no

objective cause outside the body, and they vary alike in their character

and their intensity. It should be borne in mind that they may be intra-

aural in origin and due to changes of tension in the ear itself; again, they

may be reflex, the reflex cause being found in a diseased tooth, or possibly
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excited by gastric disturbance ; lastly, and not infrequently, they are of
vascular origin, and may be due to changes in the condition of the walls

of the blood-vessels, as in Bright's disease, to changes in the circulation in

heart disease, and to changes in the quality of the blood itself, as in anaemia.

It is sufficient to merely indicate these points here, so that the attention of

the aurist may not be confined entirely to the ear itself in the elucida-

tion and treatment of this most disagreeable complaint.

(c) Pain.—Pain is a marked symptom in acute inflammations of the ex-

ternal and middle ear ; when complained of in association with chronic sup-
puration of the latter cavity it becomes a symptom of considerable gravity.

It must not be forgotten that pain may be referred to the ear in association

with carious teeth ; objective examination of the ear and of the teeth will,

as a rule, clear up this point. Pain aggravated on moving the jaw, on
pressure upon the tragus, or on pulling the auricle suggests the presence of

a meatal inflammation ; on the other hand, if deep-seated, intermittent in

character, being worse at night, and aggravated by blowing the nose and
coughing, it is more symptomatic of an acute otitis media. When
pain is associated with discharge from the ear, attention should be paid to

the condition of the mastoid process, and its presence may be elicited by
careful pressure upon the bone.

(d) Vertigo or Giddiness.—This symptom may be sudden and severe, as in

the typical Meniere's disease of the labyrinth, or it may be very slight in

character. Anything which will alter the tension of the labyrinthine fluid

may cause some degree of vertigo ; hence the pressure of wax upon the

tympanic membrane, an indrawn condition of the membrane or the presence

of fluid in the tympanic cavity may exert sufficient pressure through the

chain of ossicles upon the fenestra ovalis as to increase the tension of that

fluid. Giddiness preceded by nausea may be due to gastric disturbances

;

giddiness followed by nausea suggests, on the contrary, its otitic origin.

(e) Dischargefrom theEar.—Discharge from the ear varies in its character;

it may be thin and serous, often containing flakes of epithelium, as in the

eczematous conditions of the meatus ; it may be muco-purulent and stringy,

or purulent and thick ; sometimes it is tinged with blood, an appearance
which should always suggest the presence of granulations or polypi. Dis-

charge from the ear may be meatal in origin, as in eczema or in acute in-

flammatory conditions, but as a rule its source lies in the middle ear, and
it drains through a perforation in the tympanic membrane. It may be

extremely offensive in character, and in every case of aural discharge the

examiner should make it a routine practice to smell the .speculum on its

withdrawal. The fcetor which so frequently accompanies a chronic middle
ear suppuration is pathognomonic of that condition. The patient's state-

ment as to the cessation of an aural discharge should never be accepted

until a careful examination of the ear has been made. If the examiner
should fail to satisfy himself of its presence by mere inspection through the

speculum, he should not fail to introduce into the bottom of the external

meatus a wick of absorbent wool, and on its withdrawal examine it closely

for any indication of moisture or fcetor.

3. Investigation of the Function of Hearing.—We have already

indicated in the anatomical sketch of the ear that impairment of hearing

may be due to causes existing in the sound-conducting or sound-perceiving

apparatus, or in both. While an objective examination of the ear will

assist in determining the site (and nature) of the lesion in the former, the

possible existence of a labyrinthine affection can only be accurately judged
by carefully testing the hearing function. Hence such tests serve the
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double purpose of estimating not only the degree of deafness that may be

present, but also of localising the seat of its origin.

Sound sensations may reach the auditory nerve terminations through

two channels, the external auditory meatus and chain of ossicles, i.e.

by air-conduction, and through the bones of the skull, i.e. by bone-

conduction. Certain simple methods are employed for testing audition

through both these channels ; these are the watch, the voice, and the

tuning-fork. While carrying out this part of the examination care must
be taken to eliminate every source of error, if reliable observations are to be

made. It is very necessary that the different tests be applied before any
treatment is carried out, and that the results obtained by these tests be at

once carefully noted in writing ; the date of the first as well as of later

examinations should be registered, and the surrounding conditions on
subsequent occasions should be as nearly as possible similar to those which
existed in the first instance. The same test apparatus should be again

employed. In every case the hearing power of both ears should be ascer-

tained, although the patient may only complain of deafness in one of them.

Before proceeding to apply the various tests it is advisable to introduce

the speculum and ascertain whether any obstruction exists in the external

auditory meatus of the nature of wax, etc., so that a needless repetition of

the tests may be avoided by a preliminary removal of the obstruction.

(a) The Watch Test.—The distance at which the tick of any given

watch is heard by the normal ear is previously ascertained by experiment
upon a number of healthy ears, so that a definite standard for comparison is

thus provided. This distance may be recorded in inches.

Method.—The patient is placed with one ear directed towards the

examiner, while the other is closed by the introduction of a finger. The
eyes may with advantage be closed, a precaution which is especially

necessary in the case of children. The examiner, holding a yard measure
in one hand, gradually brings the watch towards the ear under examination
from a point outside the range at which the tick is perceived by a normal
ear. Care should be taken that the watch does not touch the foot-rule if

the latter is in contact with the bones of the head. The patient is directed

to state at once when the tick becomes audible ; after two or three control

experiments have been made, the distance is noted and the measurement
registered in inches. This may be expressed in terms of a fraction, whose
denominator represents the normal hearing distance of the watch, e.g. 30
inches, while the numerator expresses the distance in any given case, e.g. 5 :

i.e. -g^j-. If the watch be heard only on contact or on pressure upon the

skull, it may be expressed as -=£5-, while if the tick is not perceived at all, it

may be registered as -^j-. The same procedure is then carried out with the

other ear.

(b) The Voice Test.—In estimating the hearing distance by means of

the human voice, the whisper and the ordinary conversational voice are

employed ; these may be variously modified, so that low and loud whisper,

low, ordinary conversational, and raised voice may be used as the examiner
sees fit. The result is recorded in feet.

Method.—The patient remains seated sideways as before, it being very
necessary that the movements of the examiner's lips should not be
observed; the ear of the opposite side is again closed with the finger.

The observer retires across the room, having directed the patient to

repeat at once the words which he succeeds in hearing. If he should
fail to hear anything at this distance, the examiner gradually approaches

until he comes within hearing distance. This is carried out both with the
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whispering and with the ordinary conversational voice. The other ear is

then examined and the results are again registered in feet. With regard
to the words used for this purpose, it is perhaps advisable to employ single

words, the patient in each instance repeating them when heard. When
sentences are spoken or questions asked, the perception of one or two words
only may give the key to the whole, and in this way a guess may prove
correct and a false estimate be thus obtained. The numerals supply suit-

able syllables if too much repetition be avoided. The necessity of maintain-
ing a uniform pitch in the use both of the whispering and of the speaking-

voice is evident, and facility in acquiring this will be obtained by practice.

Hearing Tests in Children.—In children it is often difficult, and in the
very young even impossible, to obtain satisfactory answers either to the

watch or voice tests. In the majority of cases the former is quite un-
reliable. It may sometimes suit all practical purposes to ask a few simple
questions in ordinary tones and note whether they are responded to. On
the other hand, it may be necessary to instruct the parents as to what is

wanted, so that they may examine the child at home in the absence of any
stranger. In the case of very deaf children, for the purpose of ascertaining

whether any sound perception exists at all, such tests as clapping of the

hands, the ringing of a bell, and blowing of a whistle may be employed.
The source of such sounds must not be observed by the child, whose
attention should be engaged and whose expression should be watched by
the parent or attendant. At the same time no current of air produced by
these acts should fall upon the patient's head or face, nor must any
mechanical vibration reach him, as a source of fallacy is thus introduced.

(c) The Tuning-Fork.—It is unnecessary to enter fully into a considera-

tion of the tuning-fork tests, as a detailed description has already been given
under " Auditory Nerve and Labyrinth," vol. i. p. 410. It will suffice here

to briefly recapitulate the different points. The vibrations of a tuning-fork

are conducted to the nerve-endings in the labyrinth, both through the

external auditory meatus and chain of ossicles and also through the cranial

bones. The former is spoken of as " air-conduction," the latter as " bone-

conduction " of tuning-fork vibrations. In a normal ear these vibrations

are somewhat better heard by air -conduction. If in a deaf person the

vibrations of a tuning-fork are perceived more loudly when the fork is

applied to the skull than when it is held in front of the ear, " obstructive

deafness " or a lesion in the sound-conducting apparatus is indicated ; in

other words, there is " increased bone-conduction." On the other hand, if

the vibrations are better heard in the deaf ear when the fork is held in

front of the meatus, " nerve deafness " is indicated, i.e. there is " diminished

bone-conduction." These facts may be more briefly expressed as bone-

conduction + (BC > AC) or bone-conduction - (AC > BC) (Weber's test).

In a normal ear when a vibrating tuning-fork is placed on the mastoid

process and kept in contact until the sounds are no longer heard, they again

become audible when the fork is held opposite the meatus (Rhine's test

positive). If in a deaf ear the tuning-fork after ceasing to be heard on the

mastoid be held opposite the meatus and is not again heard, Rinne is nega-

tive, and a lesion in the sound-conducting apparatus is indicated. On the

other, if in a deaf ear the tuning-fork vibrations are again heard in front

of the meatus, Binne is positive, and a lesion of the sound-perceiving apparatus

is indicated. These facts may be more briefly expressed as Binne - and
Binne + . Gardiner Browne's and Schwabach's tests may be useful as

supplementary tests.

Other Tests occasionally employed.— Gardiner Browne's.—In the normal,
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if the base of a medium vibrating tuning-fork is held on the mastoid
process, it ceases to be heard at the same time that a trained finger and
thumb cease to feel the vibrations. In middle ear disease the patient

will hear the sound some time after the observer has ceased to feel the

vibrations. In internal ear affections the patient ceases to hear the fork some
seconds before the vibrations have ceased to be felt.

Schwabach's.—In using this test the observer compares his own bone-

conduction, which must be normal with that of the patient. If the vibrating

tuning-fork placed on the mastoid process of the patient has ceased to be

heard by him, but is still heard when placed on the mastoid process of the

observer, labyrinthine disease is indicated ; on the other hand, if the patient

hears the fork after the observer has ceased to do so, the existence of middle
or external ear disease is suggested.

Tests for Range of Tone Hearing in Labyrinthine Disease.— In
addition to those facts already elicited by the use of the tuning-fork,

further information can be obtained by testing the appreciation of the ear

for sounds of different pitch. It is generally admitted that when the im-
pairment of hearing is most marked for high notes—the low tones being
relatively well heard—the labyrinth and sound-perceiving apparatus is at

fault. On the other hand, when the impairment of hearing is most marked
for low notes—the high tones being relatively well heard—the lesion is

probably to be found in the sound-conducting apparatus. For this purpose
a series of tuning-forks of varying pitch may be used, or one fork provided
with metal clamps, which may be moved up and down the limbs, the deeper
tones being produced when the clamps are fixed towards the free ends of

the fork and vice versa. By the use of Galton's whistle, similar variations

in pitch are obtained ; care should be taken that the patient does not
confuse the blowing sound produced by the whistle for the true whistling

note. In the absence of such instruments as these, an attempt may be
made to form some estimate of the relative power of appreciating high and
low tones by the use of letters of different pitch. According to Wolfe, E
represents a sound of very low pitch ; S, on the other hand, is of high pitch.

In internal ear deafness the voice may be heard relatively more distinctly

than the higher note of the watch tick. Various musical instruments may
also be used for testing gaps in the range of hearing.

Simulated Deafness.—Various devices are employed for the detection of

feigned deafness. If the hearing in the affected ear is said to be impaired,
the patient should be carefully tested when blindfold. If total deafness on
the other hand be feigned in one ear, the ear pieces of a binaural stetho-

scope should be introduced into the patient's ears, the end inserted into the
ear in which hearing is said to be present having been previously plugged
with a piece of wood. If the patient repeats words which are whispered
into the cup-shaped end of the stethoscope, the true nature of the condition
becomes evident. Valuable information may be obtained by the use of the
tuning-fork if the patient is ignorant of the true results of the different

tests. When complete bilateral deafness is feigned, the diagnosis becomes
more difficult, and it may be necessary to adopt the ruse of attempting to

awaken the malingerer from sleep.

4. Objective Examination of the Ear.— Before proceeding to

examine the deeper parts of the external auditory meatus and the tympanic
membrane, the surgeon should make a simple inspection of the auricle and
adjacent parts, because much useful information may be obtained by a

preliminary examination of this kind. The patient's features may present
the character so frequently spoken of as the " adenoid facies," the result of
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nasal obstruction ; or, the existence of facial paralysis may be detected on
one or both sides. Enlargement of the glands in front of, below, or behind

the auricle should be noted and their condition more exactly determined by
careful palpation. In children an otorrhcea associated with enlarged lymphatic

glands and facial paralysis strongly suggests the tubercular nature of

the affection. If there is any undue prominence of the auricle the cause

should be investigated. Eedness of the skin, oedema and swelling over the

mastoid process, and the presence of a sinus or cicatrix in the same region

should not be overlooked, and the significance of such signs must be duly

estimated. Malformations of the auricle and tumours may present them-
selves, while eczema confined to the pinna or in association with a like

condition of the auditory meatus may be readily detected on inspection.

It must not be forgotten that with suitable illumination the outer portion

of the meatus can be examined without the introduction of the speculum.

Such an examination, aided by pulling the auricle upwards and backwards
and by gently drawing the tragus forwards, should be carried out as a

routine practice. In this way the patient may be saved needless pain or

discomfort, such as might be caused by the insertion of the speculum into

an inflamed meatus ; at the same time, boils, eczema, pus, and even the

presence of a polypus or plug of wax can be in this way readily detected.

Examination with the Aid of the Aural Speculum.—Source of Light.—
Good illumination is essential for a proper examination of the ear. The
deeper parts of the external auditory meatus and the tympanic membrane
are most satisfactorily examined by reflected light, i.e. by the indirect

method. The source of the light will vary according to circumstances ; if

bright davlight can be obtained, no better source of illumination need be

wished for. The actual rays of the sun may prove somewhat trying to the

observer's eye, and care must be taken to prevent the rays falling directly

into the ear from a concave reflector, otherwise the parts may be burnt.

Of the artificial sources of light, mention may be made of the Welsbach
incandescent gas from an argand burner, the electric and oxhydrogen light.

A simple oil lamp or candle may prove quite satisfactory in default of any
other means.

The Reflector.—The small aural reflector in common use has a diameter

of about three inches and a focal distance of five inches, and is perforated

with a small central aperture. It should not only be provided with a handle,

but should be capable of being easily adapted to a forehead band or spectacle

frame, so as thus to leave both hands of the examiner free if necessary.

The Aural Speculum.—Numerous forms of specula have been introduced,

and it would be useless to enumerate the varieties here. The operator soon

accustoms himself to the use of one form, which he learns to regard as

superior to any other. Only the simple tubular speculum should be

employed. A dilating speculum for the ear has no advantages, and only

causes the patient pain and discomfort. A set of specula consists of four

;

the silver instruments have this advantage, that they can be boiled;

vulcanite specula are useful when caustics are applied to the ear.

(a) Technique ofthe Examination.—A satisfactory examination of the deeper parts
of the ear depends largely upon good illumination and correct manipulation of the.

pinna and speculum. The patient is seated with the ear to be examined turned
away from the source of light, his head being slightly inclined towards the
opposite shoulder. The surgeon, sitting or standing, holds the reflector lightly in

one hand, in the right hand for the right ear, in the left hand for the left, placing
the upper margin against his forehead and tilting it to the angle required for

throwing the best possible light upon the parts. His eye, the right or left as the
case may be, must be placed directly behind the central aperture of the mirror.



90 EAR, EXAMINATION OF

A medium-sized speculum, held by its margin between the index finger and thumb
of the other hand, is now gently inserted into the cartilaginous meatus, and at
the same time the upper part of the pinna is grasped between the middle and
ring fingers of the same hand and pulled upwards and backwards, thus rendering
the canal as straight as possible. The speculum can now be insinuated a little

further, slight rotation assisting the movement, due care, however, being taken
that it is not inserted as far as the bony meatus. As a complete view of the
whole tympanic membrane is not always obtained in one field, the outer end of the
speculum should be moved backwards, forwards, upwards, and downwards, so
that the various areas may be brought into view. The patient is then turned
round and the other ear is examined in a similar manner. In every case botli
ears should be inspected, although only one may be complained of. Certain
preliminary difficulties present themselves, but a little practice soon enables the
observer to obtain the maximum amount of light, to inspect the parts through the
central aperture of the mirror, and to straighten the auditory meatus by pulling
the pinna sufficiently upwards and backwards. Should wax or other cause of

obstruction interfere with the examination of the deeper parts, the ear should be
syringed. If the canal is too narrow to admit of the insertion of a medium-sized
speculum, a smaller one may be substituted, but the routine use of small specula
should be avoided, as the field is thus curtailed and the amount of li.Lrht consider-
ably reduced. If it is thought desirable to remove a piece of wax or epithelial
flakes with the ear forceps, or should it be necessary to use the probe, the
reflector must be attached to the forehead band or spectacle frame, bo that the left

hand becomes free to manipulate the speculum and pinna, while the forceps or
probe is held in the right. Occasionally a reflex cough is induced by the insertion
of the speculum into the meatus.

(b) The TymjJanic Membrane.—The tympanic membrane (membra /f

tympani) or drumhead is of a bluish gray colour with a somewhat polished

surface, presenting a distinct contrast both in colour and apparently in

consistence to the white skin lining the deeper part of the external

meatus. Concave as a whole, on its outer or

meatal surface it occupies an oblique plane,

so that the superior and posterior parts lie

nearer the observer's eye than the anterior

and inferior. The handle of the malleus

(manubrium mallei) is visible on the outer

surface of the membrane as a slender ridge
**

of a whitish-yellow colour traversing the
outer aspect of right tympanic mom- membrane from above downwards and back-

brane, double the natural size, a, Short , . , t.,i < i ,i
process ; b, middle of manubrium ; e, Wards to a point a little belOW the Centre.

^cddkf'/Tolterio^id^Spr At the upper end of the handle there is a

mlmbrane
n
(Barr)

hining through the distinct white knob-like projection, the short

jn'ocess of the malleus. The lower end, on the
other hand, forms a slight expansion often distinctly visible, which is

situated at the umbo or point of greatest concavity of the membrane.
Passing downwards and forwards from the umbo towards the circumference
of the drumhead may be seen the triangular bright spot or cone of light, with
its base towards the periphery. This triangle of light often forms a con-
spicuous landmark in the field of vision, but it is subject to considerable

alterations both in shape and size even on healthy membranes ; as it is pro-

duced by the reflection of the rays of light from that part, and as its shape
is dependent upon the plane of obliquity of the membrane, very slight

changes may influence its shape and size. If the examination be now
directed above the short process of the malleus, Shrapnell's membrane (mem-
brana fiaccida) comes into view, differing structurally from the rest of the

membrane in that the middle fibrous layer is absent. An anatomical
perforation may exist in this area. Passing forwards and backwards from
the short process of the malleus to the periphery are seen two elevations or
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folds of membrane, the anterior and posterior folds. They are caused by the

projection of the short process, and with it constitute the lower limit of

Shrapnell's membrane. Sometimes in normal conditions the long process

of the incus may be seen through the membrane behind the handle of the

malleus, and running more or less parallel to it. If the membrane be very
transparent or atrophied, other intra-tympanic structures may become visible,

such as the incus-stapes joint, and even the chorda tympani nerve. For
descriptive purposes the membrane may be subdivided as follows :—

A

primary division into two by an imaginary line prolonging the handle of the

malleus downwards to the periphery and forming a larger posterior and a

smaller anterior segment ; the subdivision of each of these segments again

by a line bisecting the former one, so that four divisions result, an anterior

superior, anterior inferior, posterior superior, and posterior inferior quadrant.

The various lesions may be located and described as existing in one or more
of these areas.

The mobility of the tympanic membrane should be tested. This may
be done in one or more of the following ways:

—

(a) By inflation of air

through the Eustachian tube by the method of Valsalva, (b) by inflation by
Politzer's method or by means of the Eustachian catheter, and (c) by the

use of Siegle's speculum. Inflation of the tympanum will be described

presently ; it is only necessary to say here that the tympanic membrane
must be carefully observed through the speculum during the process of

inflation and the presence or absence of movement noted. Should Politzer's

method or the Eustachian catheter be used, an assistant is required to carry

out the inflation.

Siegle's pneumatic speculum somewhat resembles a large ear speculum,

but its expanded end is covered with a piece of glass placed obliquely, while

to an aperture in one side of it there is attached a tube and indiarubber ball.

The narrow extremity of this speculum must be made to accurately fit the

external auditory meatus so that the latter along with the speculum forms

an air-tight cavity. The examiner with the reflector on his forehead

observes the tympanic membrane, while he alternately compresses and
relaxes the indiarubber ball ; this compression and exhaustion of the

air column in the meatus causes the different mobile parts of the mem-
brane to move. By careful observation the actual movements of the

tympanic membrane may be seen, or a change in its position may be

indicated by the appearance in one or more situations of bright reflecting

spots. If the membrane moves outwards on inflation, but almost at once

sinks back again, although the patient has not swallowed, it is probable that

adhesions exist between it and the inner wall of the tympanum.

Pathological Conditions of the Tympanic Membrane.— Variations in Colour.—
The tympanic membrane may vary to some extent in its colour, polish, and trans-

parency consistently with a normal standard of hearing, the appearances being
slightly modified by the intra-tympanic structures which may be seen through it.

Behind the umbo a whitish area may be due to the promontory on the inner wall

of the tympanum, while behind the handle of the malleus the long process of the
incus or the incus-stapes joint may be visible through the membrane as grayish

white structures ; in the posterior inferior quadrant a dark area may signify the

niche leading to the fenestra rotunda. In the more advanced years of life there is

a tendency for the menibrane to become whiter and less polished. Such normal
conditions, however, may be exaggerated and have a pathological significance.

Thus in general atrophy of the membrane, the incus, stapes, and promontory may
become very apparent. If circumscribed atrophic patches exist, they appear as

dark transparent areas which are not distinctly demarcated from the surrounding
membrane ; on inflation, or when seen through Siegle's speculum, the atrophic

areas show great mobility, and may bulge freely into the meatus. A cicatrix, the
evidence of a healed perforation, usually presents itself as a dark transparent area,
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often difficult to distinguish from a patch of atrophy, but it is more sharply defined
from the surrounding healthy membrane than is the atrophied portion. Owing
to the transparency of the cicatrix, it may only be possible to differentiate it from
a perforation by observing the result of rarefaction of the air in the meatus with
Siegle's speculum ; if a cicatrix be present, it will be seen to move outwards when
the indiarubber ball is relaxed ; in the case of the perforation no movement is

observed. Thickening of the membrane varying in degree and extent may show
itself in the form of opaque patches, or the whole membrane may be more or less

white and without its natural polish. Calcareous deposits may form in its layers

and be evident as white chalky areas, sometimes of a crescentic shape. If touched
with the probe their calcareous nature is at once demonstrated. The inflamed
membrane presents different appearances, according to the degree and the stage of

the inflammatory process. The congestion may be limited to the vessels about the
handle of the malleus and its short process, or they may be seen radiating outwards
across the membrane as a number of irregular pink lines. On the other hand, the
whole membrane and the deejier part of the osseus meatus may present the appear-
ance of deeply inflamed skin. The presence oifluid in th> tympanum may be indi-

cated by a yellow appearance of the lower part of the membrane, the discoloration
being bounded above by a dark line stretching across the drumhead. The mem-
brane may be bulged outwards into the meatus either in whole or part by exuda-
tion behind it, so that it occupies a plane nearer to the observer's eye than that
which the normal membrane has. It is important to learn to appreciate these
alterations in the plane of the tympanic membrane. Tl>> indrawn u<> m>,rane so
frequently met with is characterised by the prominence of the short process of the
malleus and of the anterior and posterior folds ; the handle of the malleus is drawn
backwards and inwards to a varying degree so that it becomes foreshortened, and
in some cases assumes an almost horizontal position ; the cone of light may entirely
disappear or be visible merely as one or more small reflecting spots of light. The
membrane as a whole lies on a deeper plane than normal, and presents a more
distinctly concave appearance. A perforation may be present in the tympanic
membrane ; as a rule it is single, but sometimes more than one exists ; they vary
in size from a small pin head to a complete destruction of the whole membrane.
A portion of, or nearly the whole of, the inner wall of the tympanum may be visible

through the perforation, and experience will lead the observer to appreciate the
distinction between the plane of the membrane and the deeper plane of the inner
wall ; in these cases further assistance in diagnosis may be derived from the use
of the probe, the hard consistence of the bony wall forming a distinct contrast to
the more yielding nature of the membrane itself. The diagnosis of a perforation
associated with fluid in the tympanum may be further assisted by inspecting the
ear during inflation, when bubbles of air mixed with secretion may be observed.
When the perforation is very minute it may be impossible to see it, but one sign
which is almost pathognomonic of the condition is the presence of one or perhaps
more pulsating spots of light, distinctly visible on inspection. The secretion in
contact with the inflamed mucous lining of the tympanic cavity rises and falls

with every heart-beat ; it is very doubtful if this phenomenon be visible to the eye
when the membrane is intact. Granulations may be recognised as red fleshy
masses varying in size ; they are of soft consistence and readily bleed when
touched ; when large they constitute aural polpyi, recognised by their closer
proximity to the speculum, their mobility, and the fact that the probe may be
passed round them. In all cases of suspected perforation the precaution should
be taken of smelling the speculum ; the presence of a foetid odour, so significant
of chronic middle ear suppuration, and therefore of an existing perforation, is a
valuable diagnostic aid. In these cases another speculum should be employed for
the examination of the opposite ear, otherwise there is room for a possible fallacy
in the second instance.

5. Examination of the Nose, Naso-Phakynx, Phaktnx, and Fauces.—
Owing to the intimate anatomical relation which exists between the middle
ear and the naso-phaiynx through the medium of the Eustachian tube, it

is essential that a careful examination of the throat and nose should be
made in all cases ; indeed, this inspection should be a routine practice. It

is necessary both on diagnostic and therapeutic grounds, and the aurist

should make himself thoroughly acquainted with both the normal and
pathological appearances of these parts, and become thoroughly efficient in
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the necessary technique. Such inspection is best made at this stage, before

inflation of the tympanum is practised. Examination of the nose by
anterior and posterior rhinoscopy will be described later (see Nose). In some
cases it may be necessary to supplement the procedure by a digital explora-

tion of the naso-pharynx, and in children this may prove the only way of

arriving at a satisfactory conclusion with regard to the condition of the
post-nasal space.

Inspection of the fauces may reveal the presence of enlarged tonsils;

when these are found in children, especially when associated with large pale

granules on the posterior pharyngeal wall, the probability of the coexistence

of adenoid vegetations is suggested. A difficulty or sluggishness in the
elevation of the soft palate on phonation favours the same conclusion being
drawn. It is only in very rare instances that the post-nasal growths them-
selves can be observed by simple inspection of the pharynx. The presence
of an excess of secretion upon the posterior pharyngeal wall may signify the

existence of naso-pharyngeal catarrh. In the examination of the anterior

nares special attention should be paid to the presence of spurs, ridges, or

septal deviations or other obstructive agents which might interfere with the
passage of the Eustachian catheter, should that be found necessary at a later

stage.

6. Examination by Inflation through the Eustachian Tube.—The
introduction of a current of air into the middle ear through the Eustachian
tube is a most valuable and essential aid both in the diagnosis and treatment
of many ear affections. It is on account of its therapeutic value that due
care should be taken to accurately note the patient's power of hearing before

any method of inflation be tried. "We have already incidentally referred to

it in testing the mobility of the tympanic membrane, but it finds a more
extended application than that. In diagnosis, the permeability of the

Eustachian tube, the presence of secretion at the Eustachian orifice or in

the tympanum, and the existence of a perforation in the membrana tympani
may all be determined by this means. In estimating prognosis, too, it is a

reliable guide, and as a means of treatment it is of the greatest value. It

is necessary, therefore, to be thoroughly conversant with the technique of

the various procedures employed for this purpose.

Three methods are in common use :—(1) Valsalva's method
; (2) Politzer's

method
; (3) inflation through the Eustachian catheter.

(1) Valsalva's Method.—By this means auto-inflation of the middle ear

can be practised. The patient is directed to hold the nose tightly between
the finger and thumb, to close the mouth and forcibly expire, at the same
time puffing out the cheeks. If the Eustachian tubes are pervious, they

provide the only outlet for the air which is thus forced through them, and
impinges upon the inner surface of the tympanic membrane. As already

indicated, during this procedure the observer inspects the drumhead through
the aural speculum. It must be borne in mind that syncope may be thus

induced in persons with a weak heart, owing to a too forcible expiration

with all the outlets closed. This method of inflation has a somewhat
limited application.

(2) Politzer's Method.—In order to inflate the tympanum by this method,
a Politzer's bag and an auscultating tube are necessary. The bag may have
an air capacity of six or eight ounces, or even more, and should be provided

with a valve ; its nasal end should be fitted with a nose nozzle, or what is

better, the extremity should be covered before its insertion with a small

piece of rubber tubing. This has the double advantage of being soft, and
further, of securing greater cleanliness, as a fresh piece may be used for each
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patient. For auto-inflation it is perhaps more convenient to have a vulcanite

nozzle attached to the bag by a piece of rubber tubing two or three inches in

length. The examiner should make it a routine practice to auscultate duiing

inflation, as in this way he may satisfy himself as to whether air enters the

tympanic cavity, and as to the character of the sound produced. The
patient's statement as to the first point is not reliable. Auscultation is

carried out by the aid of a long rubber tube, each end of which is provided

with a small ear-piece, one coloured black for insertion in the external

auditory meatus of the patient, the other white for the surgeon's ear. It is

neither necessary nor advisable that the patient should hold this tube in

his ear ; adventitious sounds may be produced by the friction of the fingers

upon it.

The operator stands in front of his patient, having connected his ear to that of

the patient by means of this tube ; he directs him to take a sip of water and to
keep it in his mouth until ordered to swallow it. He then grasps the air-bag in

his right hand, inserting its nozzle just within one nostril ; with the finger and
thumb of the left hand both nostrils arc firmly compressed. The position of the
bag when held in the right hand is oblique, lying more or less in the long axis of

the external nose. The patient is now directed to swallow the water—and it may
be necessary to say this in a loud tone,—and simultaneously with the movements
of the larynx during this act the bag is sharply and forcibly squeezed. The
operation may be repeated either through the Bame nostril or through the opposite
one, the surgeon's ear being now connected with the other ear of the patient. In
Politzer's method both Eustachian tubes are inflated simultaneously.

Certain modifications of this method have been suggested : thus Holt, instead
of asking his patient to swallow water, directed him merely to blow out his cheeks
while the mouth was kept shut. While this procedure is considered less disagree-
able by many patients, the entrance of air into the tubes is not assisted as it is

during the act of swallowing, the orifices being then opened by muscular action.

Holt's modification, however, has this advantage that no adventitious sound is

produced such as accompanies swallowing, nor is the rush of air into the tympana
quite so forcible. Gruber suggested phonation of the word "huck" pronounced
"hook")- Lucaj directed his patient to intone the vowel sound "ah" during the
act of inflation. In both these modifications the soft palate is raised and the naso-
pharynx is thus shut off. It may be noted here that in the case of young children,

where it is useless to attempt to give any instructions, the act of crying is of the
greatest assistance.

(3) Inflation through the Eustachian Catheter.—For this operation the

examiner requires in addition to Politzer's bag and the auscultating tube, a

Eustachian catheter. Silver or vulcanite instruments may be used, the

former possessing this great advantage that they may be sterilised by
boiling ; the greater pliability of the vulcanite instrument, however, renders

it more easy to manipulate in the nose. The catheters vary in length, in

the shape of their curve, and in the size of their lumen, so that various

anatomical difficulties may be thus overcome. In selecting an instrument

in any given case for the first time, it is perhaps advisable to make use of

one which has a full curve and a medium-sized lumen. The small metal

ring on the proximal end of the catheter indicates the direction of its point

;

before inserting the catheter the surgeon should attach the Politzer bag to

the funnel-shaped proximal end and blow air through it, thus satisfying

himself both as to its patency and to the absence of any liquid in its lumen.

If during the previous examination of the nose the anatomical condition

suggested a difficulty in the introduction of the catheter, the operation

should be commenced with the aid of the speculum and artificial illumina-

tion ; otherwise the patient is seated with his face turned towards the light.

1st Stage.—The surgeon, facing his patient, first connects his own ear by
means of the auscultating tube with that of the patient. Politzer's bag is
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placed under the left arm, with the large end directed forwards so that it can
be readily grasped in the right hand when required. The catheter is then held
lightly between the index finger and thumb of the right hand, care being taken
not to conceal the metal ring in so doing. The ulnar edge of the left hand is

laid upon the patient's forehead, while the tip of the nose is gently tilted up with
the thumb of the same hand, thus removing the obstructing ledge at the junction

of the cartilaginous and osseous floor. The beak of the catheter is now inserted

point downwards, the right hand being at this stage depressed below the level of

the patient's chin. As soon as the point of the instrument has slipped over the
elevation of the floor just alluded to, the right hand is at once raised and the
catheter brought into the horizontal position, when it is pushed backwards along
the inferior meatus of the nose until the convexity of the curve is felt to come in

contact with the posterior wall of the naso-pharynx. It is very necessary that the
hand should be raised as directed so that the point of the instrument is kept in

contact with the floor of the nose ; otherwise it may pass upwards into the middle
meatus and there prove a source of annoyance both to the patient and surgeon.

2nd Stage.—When the convexity of the curve is felt in contact with the posterior

pharyngeal wall, the point of the catheter is next rotated inwards through a quarter
of a circle, i.e. through an angle of 90, as indicated by the metal ring ; the instru-

ment is now gently withdrawn until the concavity of the curve is brought into

contact with the posterior free margin of the nasal septum.
3rd Stage.—The stem of the catheter is now lightly grasped between the finger

and thumb of the left hand just beyond the tip of the nose, so as to prevent it

slipping ; its point is then rotated downwards and outwards through half a circle

and a little more, i.e. through rather more than an angle of 180, and thus it slips into

the orifice of the Eustachian tube. At this stage the metal ring is directed out-

wards and upwards towards the external canthus of the eye of the same side. The
instrument must be maintained in this position by grasping its stem more firmly

with the left hand. Politzer's bag is now inserted into the funnel-shaped outer
extremity of the catheter and inflation is commenced. This must be done quietly
and with the least possible jerking of the instrument ; if the bag is provided with
a valve it does not require to be removed from the catheter after each inflation.

The air may be forced in as often as it is considered necessary. In order to remove
the catheter from the Eustachian orifice the rotation is reversed, the point being
carried downwards and inwards through a right angle. As the instrument is

withdrawn from the nose, the hand must be carried down over the chin, so as to
keep the point free from the posterior edge of the palate.

Difficulties in the Use of the Catheter.—The elevation formed by the

junction of the bony floor of the nose with the cartilaginous vestibule may
prove an initial difficulty, unless the tip of the nose is tilted up in the

manner already described. Spines or ridges growing from, or deviations of

the septum, may obstruct the entrance of the catheter. When difficulties

of this kind exist, they may be overcome by guiding the point of the

instrument with the aid of the mirror and speculum, while in some cases it

may be necessary to pass the catheter along the nasal fossa of the opposite

side. Under these circumstances, stages 1 and 2 are the same as before, but

instead of the point of the instrument being rotated downwards and out-

wards, as in stage 3, it is directed across the middle plane of the naso-

pharynx by pressing the proximal end of the catheter outward against the ala

of the nostril. It is better in such cases, however, to inflate the ear of the

same side in the first instance, and then carry the point downwards and
inwards across the middle plane to the corresponding spot opposite.

Difficulties may be met with in the naso-pharynx : the curve of the

catheter may be too pronounced to admit of proper rotation, so that one

with a smaller curve must be substituted. Sometimes the movements of

the soft palate interfere with the manipulation, when one or other of the

following methods should be adopted in place of that already described.

Stage 1 is the same as before, but instead of the point of the instrument

being rotated inwards and then withdrawn until the concavity hitches

against the septum as in stage 2, the instrument is withdrawn with its beak
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looking downwards until the concavity is arrested by the posterior edge of

the hard palate ; it is then rotated upwards and outwards through a quarter

of a circle and a little more. On the other hand, some aurists prefer at the

end of stage 1 to rotate the instrument at once upwards and outwards

through a right angle, and then with the point against the outer wall of the

naso-pharynx in Iiosenmuller's fossa, they withdraw it, until it rides over

the Eustachian cushion and slips into the orifice. This procedure may
prove somewhat disagreeable to the patient.

Information derivedfrom Inflation.—If auscultation be simultaneously

practised much useful information is obtained. When the air enters

the tympanum through a patent Eustachian tube, the sound produced is

full and clear, and the impact is apparently close to the observer's own
ear. If the tube is obstructed the sound is fainter and appears more
distant. If there is fluid in the tympanic cavity a faint moist sound may
be detected, which must not be confounded with the louder gurgling noise

produced at the pharyngeal opening of the tube. In the presence of a

small dry perforation in the tympanic membrane the air may be heard

whistling through it ; sometimes, if the perforation is a large one, there is

almost a painful sensation produced in the surgeon's ear. If the per-

foration is associated with secretion in the tympanum, a moist bubbling

sound is heard. After inflation, the hearing power must be again carefully

tested, and the result recorded.

Complications resulting from Inflation.—In some cases giddiness and
syncope have been produced as the result of inflation by Politzer's method,

while loss of consciousness accompanied by convulsions is a rare accident

during catheterisation. Occasionally surgical emphysema has followed the

use of the catheter, owing to abrasion of the mucous membrane by the point

of the instrument. The greatest care should be practised in keeping the

catheters clean so as to avoid the risk of any infection. The silver instru-

ments should be boiled, while the vulcanite ones may be kept constantly

immersed in a solution of carbolic acid without being damaged.

Choice between Politzer's Method and the Eustachian Catheter.—In the

case of children the catheter is usually not employed. An objection may be

expressed by adults to the use of this instrument, and to obviate the

discomfort which
N

is frequently complained of by patients, some authorities

cocainise the inferior meatus of the nose before its introduction. Politzer's

method, or one of its modifications, may in the first instance be used, unless

there is any distinct contra-indication. The existence of a cicatrix or an
atrophic condition of the tympanic membrane contra-indicates the use of this

method, as the forcible introduction of air may cause rupture of the mem-
brane in these areas. More accurate information can be obtained by the

use of the catheter with regard to the degree of obstruction in the tubes,

while the amount of air introduced can also be regulated. In other cases

again in which there is marked obstruction, it is the only method by which

air can be successfully inflated and the tube rendered more patent. As
both tympana are simultaneously inflated by Politzer's method, an un-

necessary and even injurious, strain may be thrown upon the healthy ear in

cases where repeated inflation is only required for one ear. Undue stretching

of the structures in the normal tympanic cavity may to some extent be

lessened by the patient inserting his finger into the external auditory meatus

during the act.

Ear, Local Anaesthetics.— To induce local anaesthesia for some

of the smaller operations on the ear, the two drugs most commonly
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employed are cocain and eucain. Of these the latter is, in my opinion, the
better, undoubtedly possessing less toxic effects than the former.

The aural operations for which local anaesthesia may be required may be
grouped as follows :

—

A. On the External Ear.—Eemoval of cysts or small new growths from
the pinna or outer part of the external meatus. Opening of furuncles.

Curetting of granulations, etc.

B. On the Middle Ear.— Paracentesis of the membrana tympani.
Eemoval of polypi. Curetting. Ossiculectomy.

For the removal of cysts, etc., from the pinna or outer part of the
external meatus it is best to use eucain by injection. Local anaesthesia by
means of ether or other sprays producing cold has been employed, but,
owing to the structure and blood-supply of the auricle, is not to be recom-
mended. Cocain may be used by injection (in solutions of 5 per cent), but
I am convinced that eucain is the safer drug. Moreover, eucain can be
sterilised by boiling without undergoing decomposition, an advantage not
possessed by cocain. /3-eucain is soluble to the extent of 10 per cent, and,

since its toxic effects are practically nil, there is no advantage in using any
weaker solution. "When, therefore, eucain is spoken of in this article, a 10
per cent solution of /3-eucain is meant. This solution should be injected

by means of a sterilised hypodermic syringe into and beneath the skin at

the site of tumours, etc., and ten minutes allowed to elapse before proceeding
to operate. In our experience such a method will be nearly always found
to ensure complete anaesthesia.

For the opening of furuncles and the curetting of granulations, eucain
or cocain may be used either by application or by instillation. The former
will not be found so reliable as the latter. It is carried out by the applica-

tion of a pledget of cotton wool soaked in a solution of one or other
of the drugs (a 5 or 10 per cent solution of cocain will be found sufficient)

to the site of operation, the pledget remaining in position for from five to

ten minutes. This method is not to be recommended, being at best but
clumsy and unreliable. Application by instillation is carried out as

follows :—The patient lies upon the sound side, with the ear to be anaesthet-

ised uppermost. The solution of eucain or cocain, comfortably warmed, is

then dropped into the meatus until that passage is full, and is retained for

ten minutes. When the patient rises a pad of wool should be placed over

the ear to absorb the superfluous fluid. This method will be found most
efficient for the opening of furuncles, incisions into the meatus, the curetting

of granulations from either meatus or tympanum, and for paracentesis of

the membrane.
This anaesthesia is also sufficient for the removal of ossicles, but, owing

to other inconveniences besides pain, most otologists prefer to perform that

operation under a general anaesthetic.
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Anatomical and Physiological Observations.—Under the name external ear are
included the auricle and external auditory meatus. In form, in dimensions, and
in the degree of angle of attachment to the head, the auricle or pinna presents
great varieties in different persons and races of men. In structure, the auricle
consists mainly of a framework of yellow elastic fibro-cartilage, lined by peri-

chondrium which is covered by skin. The lower part or lobule, however, contains
no cartilage, and is composed chiefly of skin, connective tissue, and fat. The skin
lining the auricle is more loosely attached to the cartilage behind than in front,

where sebaceous glands are found in great numbers. Three muscles extend from
the auricle to the side of the head—these are, no doubt, remnants of muscles
originally intended to move the auricle, as a whole, forwards, upwards, and back-
wards. In few persons, however, are these muscles of more than very slight

functional value. Traces of other six muscles, still less developed structurally and
functionally, may be found connecting different parts of the auricle witn one
another.

Functions of the Auricle.—The waves of sound falling on the concha are

reflected forwards, and by the hollow formed by the tragus they are farther

reflected into the meatus. It has been found experimentally that the

artificial filling up of these hollows has appreciably weakened the hearing

power in persons dull of hearing, who, on the other hand, often derive

benefit by increasing with the hand the reflecting surface.

External Auditory Meatus.—Extending from the auricle to the tympanic
membrane is this somewhat winding passage, lined by a continuation of

the cutaneous covering of the auricle. The width of the canal and the

degree of its curvature present great varieties in different persons. Its

length extends to about an inch, but, owing to the oblique position of the

tympanic membrane at its inner end, the anteroinferior wall is longer

than the postero-superior. The walls of the outer third of the meatus are

cartilaginous, or rather membrano-cartilaginous, and are continuous with
the auricle. It is to be noted that at birth there is really no bony meatus.

The osseous canal develops gradually outwards from the squamous and
mastoid portions of the temporal bone above and behind ; while below and
in front it develops from the annulus tympanicus, forming ultimately the

tympanic plate. The tympanic membrane being almost horizontal at

birth, the space between it and the floor of the meatus is then very narrow.

The lining of the meatus is skin, which gradually becomes thinner as it

extends over the osseous portion ; there it is firmly adherent to the peri-

osteum, which really constitutes its deep layer. The lining of the carti-

laginous meatus, especially at its inner part, contains the glandules

ceruminosce, which secrete the cerumen or ear wax, and are really modified

sudoriparous glands.

Nervous Distribution to the External Ear.—Sensory nerves are derived

(1) from the cervical plexus, through the great auricular nerve, which
supplies the greater part of the auricle

; (2) from the third division of the

fifth cranial nerve, through the auriculo-temporal, which gives branches to

the outer surface of the auricle and to the walls of the meatus
; (3) from

the jugular ganglion of the pneumogastric the nerve of Arnold finds its

way to the skin lining the posterior wall of the meatus. This nerve

accounts for certain reflex phenomena, such as coughing, frequently

observed when this part of the meatus is pressed upon with an instrument
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or foreign body. The muscles of the auricle are mainly supplied by the

facial nerve through the posterior auricular and temporal branches. The
otic ganglion is connected with the nerves which supply the various parts

of the external and middle ear, controlling and regulating the reflex rela-

tions both to the various parts of the ear and to other regions of the body.

From its connection also with the sympathetic, vaso- motor impulses

originated elsewhere may be transmitted through this ganglion to the

lining of the external ear as well as other parts of the ear.

Lymphatics of the External Ear.—The lymphatics from the auricle and
meatus pass into the mastoid glands, the parotid glands, or the cervical

under the meatus. Hence the glands in these situations are often found
tender and swollen in connection with inflammatory affections of the

external ear.

Diseases of the auricle and external auditory meatus, the parts of the

organ of hearing having a cutaneous lining, come less frequently before the

practitioner than diseases of the middle or mucous tract of the ear. Probably

20 per cent of the cases presenting themselves for treatment in connection

with ear hospitals or cliniques are affections of the auricle and external

meatus. It is to be remembered, however, that middle ear diseases,

especially the purulent variety, frequently involve the external meatus in

one way or another. This is partly due to the anatomical relationship of

the middle ear to the external meatus, and also to the fact that inflammatory
products, formed in the middle ear, usually escape through the meatus, and
in doing so may infect its lining membrane. It is, therefore, sometimes
difficult to determine in a given case whether we have to deal with a primary
affection of the meatus or one secondary to middle ear disease.

I. Diseases of the Auricle

These will be described as follows:—1. Traumatic affections; 2. Mal-
formations ; 3. Cutaneous affections ; 4. Morbid growths.

1. Traumatic Affections.—Incised vjounds are common, involving, it may
be, the complete severance of the auricle. In oriental countries this is

frequently inflicted upon criminals and others. The lobule is sometimes

lacerated, either gradually by the mere weight of an ear-ring, or suddenly

by the pulling of the ear-ring, as is sometimes done by a child. The cleft

thus produced may remain permanently.

Simple incised wounds should be brought accurately together by sutures

with antiseptic precautions ; even when the auricle is almost completely

cut or torn off careful suturing may lead to healing. If the auricle be

entirely lost, an artificial one may be substituted. An old cleft in the lobule

should be treated by carefully paring its edges, followed by suturing.

Traction and contusions of the auricle may lead to serious consequences.

The author has seen a severe form of mastoid periostitis excited in a boy
through a man laying hold of the boy's ears and Lifting him from the

ground. Contusions or prolonged pressures may produce rupture of the

cartilage with effusion of blood beneath the perichondrium, forming a

swelling at the upper and anterior part of the auricle. This is traumatic

hematoma auris or othematoma. The skin over the swelling may be
unaltered ; but more frequently it has a dark reddish-blue appearance, and
there is usually a painful sensation of fulness. The swelling is sometimes
due more to perichondritis caused by the injury, and the effusion may then
be serous or sero-sanguineous, becoming in some cases purulent. Even when
the effusion consists of blood, the colouring matter is apt to deposit itself on
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the walls of the cavity, and only straw-coloured fluid may escape no

puncturing.

The so-called shrunJcen ear may result, especially if the cartilage has

been torn, and is due to thickening of the tissues followed by contraction.

It is occasionally seen in professional boxers, and is observed on some of the

classical statues of athletes. Hoematoma auris may, however, arise

independently of injury, and the insane seem specially liable to this (see

" Hsematoma ").

Treatment of Traumatic Hcematoma Auris.—At first cold spirituous

lotions, applied with moderate pressure, tend to reduce the swelling, and to

oppose inflammatory reaction. If the swelling continue, the application of

blistering fluid will promote absorption. The author has found that

aspiration of the fluid, with, in some cases, the subsequent injection of

tincture of iodine, has been most successful. Failing these methods,

especially if there be purulent formation, the swelling should be incised, the

contents removed, and the cavity treated by stuffing with iodoform gauze.

2. Malformations of the Auricle.—Certain malformations are connected

with family and racial peculiarities, or with habits of dress. For example,

the auricle may be seen lying unduly flat against the head, in elderly

women, from the pressure of caps ; so the prominently jutting-out ear,

occasionally observed, may be caused, or at least aggravated, by the habit of

boys pulling their caps down between the auricle and the head. H< avy
ear-rings are sometimes responsible for unsightly elongation of the lobule.

The most important malformation of congenital origin is that of

defective development. While entire absence of the auricle is very rare, it

may be, on one or both sides, defective in form and size, or it may be

represented simply by one or more small cutaneous or cartilaginous nodules

or ridges. These rudimentary auricles may also be faulty in position, being

frequently further forward and lower down than normal, and the external

meatus is usually either completely wanting, or is represented by a short

canal, terminating in a cul-de-sac. The malformation usually involves

some of the deep parts, especially those external to the labyrinth, including

the osseous meatus, the tympano-Eustachian passage and sometimes the

Fallopian canal. In the latter case there is facial paralysis. Cases, how-
ever, have been reported, though rare, in which rudimentary auricles were
associated with normal conditions of the other parts of the ear. As might
be expected, from the nature of the process of development, the maxillary

and palate bones are sometimes found also malformed, producing asymmetry
of the face. In such abnormalities of the auricle and meatus there may be

undoubtedly a certain amount of hearing, for it is to be remembered that

the labyrinth, having quite a different mode of development from the
middle and external ear, is not necessarily involved. While the labyrinth

arises from an invagination of the primordial integument, the middle ear

develops out of the first branchial cleft, from the posterior edge of which
the auricle is formed.

There is also the so-called fistula auris congenita—an indentation or

closed canal occasionally met with in front of the tragus or on the helix,

containing whitish material, and it is regarded as a remnant of the first

branchial cleft.

Malformations of excess are less important, and generally take the form
of one or two cartilaginous or cutaneous nodules in front of a normal auricle

—the auricular appendages of Wirchow, regarded as very rudimentary
additional auricles. Polyotia, or complete additional auricles, have been
only very rarely met with.
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Treatment.—For projecting ears a narrow, elongated portion of skin may
be cut out, at the junction of the auricle and the mastoid, and the wound
carefully sutured. When the meatus is rudimentary, terminating in a
cul-de-sac, an exploratory incision may be tried ; but this is rarely attended
by benefit, owing to the state of the deeper structures. For an aesthetic

effect, if one auricle be rudimentary, an artificial auricle to match the
normal one can be applied. This might, however, involve the operative

removal of the rudimentary one.

3. CutaneoiLS Affections.—Eczema is the most common skin affection

met with on the auricle. Certain applications, such as iodoform or linseed

poultices, may be exciting causes, and the irritating effects of a discharge
from the middle ear not infrequently accounts for the disease. In the
acute stage it may at first be mistaken for erysipelas. There are redness
and swelling with heat and tension ; soon vesicles appear, followed by the
exudation of a yellowish fluid. The epidermis exfoliates; and, by the
drying of the exudation, crusts form over the denuded cutis.

In the chronic form, however, eczema of the auricle is much more
commonly met with, and it is then, in many cases, associated with a similar

condition of the face and scalp. It is frequently confined to a part of the

auricle. For example, in the form of a red moistened surface or fissure,

covered with scales or crusts, we often meet with it at the junction of the
auricle and the head, especially at the upper part. The fossa of the helix is

also a favourite spot ; and also the outer surface of the lobule and neigh-

bourhood of the meatus, from the irritation of discharge from the ear.

Fissures are apt to exude fluid and to bleed when touched. The skin of the
auricle, in whole or in part, may ultimately become considerably infiltrated,

and yellowish brown or reddish in colour, or it may be covered with
inspissated secretion or epidermic scales. In certain neglected cases the

auricle may ultimately become a thick brownish-red shapeless mass, fissured

and covered with offensive crusts. The chief subjective feature, in the

chronic stage, is itchiness, with a painful sense of heat and tension, when there

is an acute exacerbation. There may be great induration and thickening
of the skin at the outer part of the meatus, causing considerable loss of

hearing.

Treatment of Eczema of the Auricle.— In the acute stage soothing-

applications only should be employed, while the auricle is at the same time
protected from pressure. The parts affected should be gently but frequently

sponged with a solution of subacetate of lead, in the proportion of one
drachm to four ounces of water, while pieces of soft cloth dipped in the

lotion should be kept constantly in contact with the morbid surface. In
many cases dusting with a powder suits very well, such as—R? Pulv. amyli
3iij., zinci oxidi 3j., calamine 3ss. M.

Ointments, such as diachylon or benzoated oxide of zinc ointment, are

sometimes very useful, although occasionally ointments seem to do harm.
The ointment should be kept constantly applied on a piece of soft rag.

Hairs must be carefully removed from the neighbourhood, and the adjoining

parts of the head, if these are affected with eczema, should also be treated.

It is desirable, in severe cases, to protect the auricle with a light and soft

covering, so as to avoid pressure or the contact of impurities. In the more
chronic forms astringent and stimulating remedies are usually to be preferred.

During an acute exacerbation, however, we must be careful to return to

the soothing remedies. Mercurial and tarry preparations are indicated when
there is chronic infiltration or great scaliness and dryness, with itchiness

;

but they should not be employed when there are moisture and heat. The
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following is a mercurial preparation of a milder form:—R/ Hydrarg. oxid. rub.,

hydrarg. ammoniat. aa gr. vj., adipis benzoat. §j., ol. olivai opt. 5ij- M.
When a more stimulating remedy is demanded the following formula

may be adopted :—R/ Liniment, calcis, ung. hydr. nitratis, aa 5j., liq.

carbonis detergent. TT^xij., ung. zinci oxid. ad sj. M.
When crusts are difficult to remove, it may be necessary to saturate

them with weak carbolic oil, or to apply a light warm poultice of bread

crumbs and then use the milder stimulating preparations, such as any one

of the following—benzoated oxide of zinc ointment ; subnitrate or oleate of

bismuth with benzoated lard or vaseline ; diachylon ointment ; or boracic

acid and vaseline. The ointment should be smeared thickly on a narrow

strip of soft linen which is laid into the various depressions of the auricle : it

should rather be wiped off than washed with water—the latter being done
as seldom as possible. The application of a solution of nitrate of silver (40

grains to the ounce of water) to chronic fissures is sometimes very useful

Internal remedies are often of service. In the acute stage a saline aperient

may be prescribed. In the chronic forms many cases are benefited by
arsenic and iron.

Delicate tuberculous children should have cod-liver oil and iron with

nutritious food, while the fresh open air of the country is, of course, desirable.

In gouty subjects the use of Carlsbad salts, or preferably a visit to a spa,

such as Harrogate in this country, or Carlsbad abroad, might be suggested.

Other affections of the skin are less frequently met with on the auricle,

such as herpes, which here, as elsewhere, may be attended with severe neuralgic

pains. Lupus occasionally affects the auricle both in the form of lupus

vulgaris and lupus erythematodes.

Erythema, seborrhea, comedones, are more frequently met with, but as

there is no essential difference between these diseases, when they affect the

auricle, as compared with other parts of the body, the reader must be referred

to them for further information.

Erysipelas frequently extends from the face or head to the auricle, and
from the reddened, swollen and vesicated appearance, may be mistaken for

the acute stage of eczema. The author has seen erysipelas arise from the

external meatus, and extend over the head during the course of a purulent

middle ear affection.

Abscess of the auricle is generally of a furuncular nature, when it may
be associated with a similar condition in the external meatus. Abscess may
also arise from a traumatic cause. Warm fomentations, antiseptic applica-

tions, and incision, are the remedies to be employed. The reader is referred

to furunculus of the external meatus at p. 108.

Frost-bite.—When exposed to intense and prolonged cold, dermatitis of

the auricle may be produced. The skin is red and inflamed, while in more
severe forms, occurring particularly in persons having a feeble circulation, livid

nodules, becoming pale on pressure, appear. These may lead to excoriation

or ulceration, and, in the worst forms, to gangrene, which may result in

extensive destruction of the auricle. In the early stage inflammation caused

by frost-bite may be treated with iced water, or gentle friction, or the lead

and opium lotion. The frequent bathing with hot water is said to be more
efficient in some cases. The nodules are best treated with tincture of iodine

or with collodion. Excoriation or ulceration should be treated by means of

a suitable ointment, such as iodoform, or boracic acid and vaseline. In
persons predisposed to frost-bite, the auricle should be carefully protected

from cold during severe weather, while the general health should be raised

to as high a level as possible.
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4. Morbid Growths.—Sarcoma and carcinoma rarely involve the auricle

primarily. "When originating in the auricle, epithelioma attacks most
frequently the upper part of the helix, extending to the meatus, middle ear,

and, as a rule, to the cranial cavity. Early extirpation of the disease by
operation gives the only chance to the patient. Benignant connective

tissue formations, especially fibroma of the lobule, are more frequent. These
fibrous growths of the lobule may originate in the irritation caused by the

wearing of ear-rings, and they may attain to great dimensions, especially

in negro women. Eemoval by operation is the only remedy. Angiomata
are occasionally met with in the auricle. Several may exist, and they form
bluish, pulsating tumours, extending, it may be, to the head. From them
dangerous haemorrhage may take place. Politzer recommends the thermo-
puncture by Paquelin's thermocautere. Sebaceous cysts, when occurring

on the auricle, are treated as on other parts of the body. Gouty deposits,

in the form of sodium biurate, are sometimes met with, especially in the

upper part of the helix or in the fossa of the helix.

II. Diseases of the External Auditory Meatus

(1) Abnormal States of the Cerumen.—Excess—Ceruminous Obstruc-

tion.—The ceruminous secretion consists, in the normal condition, chiefly

of fatty and colouring matter forming a circular yellowish-white layer,

having the consistence of honey, in the inner part of the cartilaginous

meatus. When in excess it may be semi-fluid or doughy in consistence,

but more frequently it is dry, firm, and even stony. The colour of the

mass varies. It is often of a chocolate colour, while, if epidermis enters

largely into its composition, the colour is gray or whitish. If the patient

works in an atmosphere containing much coal-dust or other black particles,

the colour may be a deep black. In addition to cerumen there enter

into the masses, sebaceous matter, epidermic scales, hair, coal-dust, etc.,

while, occasionally, the centre is composed of a small ball of cotton or other

foreign body. The plug after removal may be found covered with a dirty

white membrane, and, on its inner end, a mould of the outer surface of

the tympanic membrane is occasionally seen. The obstructing mass not
infrequently forms a plug filling the whole canal ; but comparatively small

quantities may, on the other hand, be sufficient, in certain circumstances, to

impede the transmission of sound.

Causes.—These accumulations may be due simply to a mechanical
hindrance to the natural escape of the cerumen from the ear, such as—

a

natural narrowness of the meatus, the presence of bristly hairs at the orifice,

eczematous thickening of the meatal walls, exostosis or hyperostosis, or

collapse in old age of the cartilaginous meatus. Efforts to remove the wax
from the ear, such as by the use of the corner of a towel or an " aurilave,"

may result in the formation of a hard ball of cerumen in the deep part of

the meatus. Or the obstruction may be simply due to excessive secretion,

which in many cases is also abnormally dry and tenacious. This excess is

often found naturally in persons who perspire readily ; but local congestion,

such as furuncular or eczematous inflammation, may excite the glands to

abnormal action. Mechanical irritation also, such as frequent scratching

with the point of a pen or a toothpick, may have a similar effect. Catarrhal

processes in the middle ear are sometimes associated with excess as well as

inspissation. In sclerosis of the middle ear, on the other hand, the secretion

is often found to be diminished or even abolished.

Symptoms.— Defective hearing is the chief symptom of ceruminous
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obstruction. This may come on quite suddenly, and may for a time

fluctuate considerably, owing to changes in the size and position of the plug,

effected by the entrance of moisture, sudden movement of the head, or efforts

to allay itchiness. The accumulation may go on for a considerable time

without causing deafness so long as there is an aperture, however slight, but

the entrance of moisture during washing or in the bath may be the

immediate cause of sudden and, to the patient, alarming deafness. Ultimately,

the deafness becomes uniformly severe owing to complete impaction or

hardening of the plug.

Subjective sounds, such as disagreeable buzzing, singing or rushing, are

sometimes very annoying features of this form of deafness. They may be

reflex from pressure on the nerve twigs in the meatus, or they may be due
to direct pressure upon the tympanic membrane, and, through the ossicles,

upon the labyrinthine fluid.

Pain in the ear is occasionally complained of, but a sense of itchiness or

of " stopping up " is more commonly present. Pain of a severe nature

is sometimes excited by inflammation of the lining of the meatus, due to

the pressure of the hard mass.

Giddiness has been occasionally observed in connection with impacted

cerumen.

The long-continued pressure of a ceruminous plug is capable of exciting

inflammation of the tympanic membrane ; in this way a perforation or

opacity and thickening of the membrane may result.

Prognosis.—Although there is manifest plugging of the meatus we must
not at once promise a cure, owing to the fact that there may coexist an
incurable deeper-seated affection. In probably two-thirds of the cases we
shall find that either complete recovery or improvement of the hearing will

follow the effective syringing of the ear. If the deafness has come on
suddenly, especially after such a cause as the entrance of water, and if there

are marked fluctuations in the hearing, the removal of the mass will

probably result in restoration. In many persons, defective hearing from
ceruminous collection tends to recur at intervals of months or years, and in

such cases it proves, not infrequently, the precursor of other and more
permanent forms of deafness.

Diagnosis.—The presence of excess of cerumen is easily demonstrated

by the use of the speculum and reflecting mirror, when the external meatus
may be found completely blocked, or the collection may be confined to the

inner part of the canal, where it sometimes escapes detection by the

unpractised examiner. Masses of epithelium, epidermis, or fungi ; collections

of dried pus coloured with cerumen (concealing, it may be, an old perfora-

tion), are apt to be mistaken for ceruminous collection. Careful examination
may show that the meatus is not entirely closed by the mass, and that the

deafness is really due to some other cause.

Treatment of Ceruminous Obstruction.—Syringing with warm water is

the only safe and effective method of treatment. The syringing may at

once be carried out if the mass be of a soft nature, but if hard and impacted,

preliminary softening measures should be employed. The following

solution is a suitable one :—R? Sodii bicarb., acidi carbolici aa gr. vj.,

glycerini 3ij., aquae 5ij. M.
After being warmed, half a teaspoonful is poured into the ear, and

allowed to remain for ten minutes. This should be repeated twice during

twenty-four hours before syringing. Owing to the swelling of the mass, by
the absorption of the fluid, the deafness may, for the time, be aggravated,

and the patient should be forewarned of this. In cases where we have to
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deal with masses, composed chiefly of exfoliated epidermis or epithelium,

there may be considerable difficulty in removing them owing to their

adhesiveness; and the cautious and repeated use of forceps, followed by

syringing, may be necessary before dislodging and completely removing

them.

A brass piston syringe, capable of containing 4 ounces, is generally

the most efficient instrument. The nozzle should have a smooth extremity,

and should not exceed an inch and a half in length. The syringe should

be furnished with a fixed ledge, or other contrivance, so as to prevent the

slipping of the index and middle fingers during its use. A black vulcanite

tray, with a concave edge to fit the irregular surface under the ear, is

suitable for receiving the fluid as it issues from the ear; the concave

edge should be pressed close to the skin, care being taken to prevent the

escaping fluid passing down between the tray and the neck. Bubbles of

air, mixed with the water, are very unpleasant to the patient, and are to be

avoided by expelling the air from the syringe, before beginning to syringe

the ear. The water should have a pleasant warmth, not under 100° F.

Cold liquid must on no account be used. During syringing, the point of

the nozzle of the syringe is placed just within the external orifice, in contact

with the roof, while the auricle is pulled backwards and upwards with the

left hand. A fair amount of force is necessary ; but, with interruptions, a

stronger stream can be employed than is safe in cases of purulent disease of

the ear. The medical attendant must not entrust the syringe to the

patient, or to an incompetent person. In some persons, syringing the ear,

even when done with care, excites giddiness, and occasionally considerable

pain. These effects are more likely to be produced if the tympanic

membrane be already perforated, especially if, at the same time, excessive

force be used. When we have reason to suspect the existence of a perfora-

tion, we cannot be too careful in the use of the syringe, which, in such a

case, must always be preceded by the antiseptic solvent already mentioned.

It is undesirable to continue the syringing after the meatus is quite clear

;

hence it is well to examine so as to ensure that the operation shall not be

continued unnecessarily. On the other hand, we must make sure that the

whole of the obstruction has been removed.

After the completion of the operation, any fluid which may remain in

the ear is allowed to drain out, and the passage is carefully dried with

absorbent cotton ; it is well also that a plug of cotton wool be worn in the

meatus for some hours afterwards. Some injection of the vessels of the

membrane and the inner part of the canal will be observed for a short time

after syringing.

Deficiency of Cerumen.—The canal of the ear is sometimes abnormally

dry and destitute of cerumen, producing, it may be, a feeling of unpleasant

dryness. This may coexist with defective hearing, which is, however, not

a result of the lack of cerumen, but rather an indication of disease in the

middle ear, probably of the sclerotic type. Treatment of the middle ear

condition sometimes leads to increase of the ceruminous secretion. The
sense of dryness may be alleviated by painting the walls of the meatus with

vaseline or other lubricating ointment.

2. Foreign Bodies in the Ear.—The foreign bodies most commonly
found in the meatus are beads, stones of fruit, small buttons, peas, small

stones, bits of bread, pieces of paper, fragments of wood or of slate pencil.

They are most frequently found in the ears of children, and are usually

introduced by the child, or a companion in play. When a child is brought

in order that a foreign body be removed from the ear, we must make sure
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that it is really there, and must not rest satisfied unless we actually see it.

For it not infrequently happens that, although a foreign body has been

introduced into the ear, it has, unknown to the patient, found its way out

again. The statement of the patient must therefore always be tested by the

use of the reflecting mirror and the speculum. This is in most cases very

easily done by any one having moderate experience in inspecting the

There may, however, in sui - be difficulties in the way of actually

seeing the foreign body. It may (1) have passed, or been forced into, the

tympanic cavity, through a perforation in the membrane
; (2) if a small

object, it may be concealed in the depression at the inner end of the fl«

the canal, especially if this be unusually deep; (3) it may be very difficult

to see owing to the swollen condition of the walls of the meatus
; (4) it may

be embedded in cerumen
;

('<
; a sharp object may have penetrated the skin

of the meatus. In these various conditions, the careful examination by an
experienced observer, with the help of a probe or syringe, will usually over-

come the difficulty.

With regard to the symptoms produced by a foreign body in the

we must emphasise the fact that small, smooth, round bodies may remain

for many years in the meatus without provoking irritation—if undis-

turbed. If there be but Blighl pressure on the walls of the meatus, the

symptoms may be limited to a degree of dulness of hearing with Bounding
in the ear. On the other band, if the object be Larger, and especially if it

lias been forced deeply into the meatus, violent pain may be excited, both

from the pressure and from the in (lamination which ensues. Rare cases

are recorded of persistent cough, constant sneezing, giddiness, and vomiting,

and even epileptiform attacks, due to foreign bodies in the ear, the symptoms
disappearing after their removal. There is no doubt, however, that the

most serious consequences of foreign bodies in the ear have been due to the

injudicious or unskilful use of instruments for their removal. The author

has known death itself result from such efforts, and he has also known
grave injuries inliicted on the structures of the ear from the use of instru-

ments intended to remove a foreign body, which was, however, proved to

have no existence there.

Removal offoreign bodiesfrom the ear.—If the foreign body be smaller

than the lumen of the canal, which it usually is, and if it has not been

driven in beyond the narrow part of the meatus (the isthmus), the use of a

syringe and warm water will, in the majority of cases, ensure the expulsion

of the body. If we find on examination a free space, between the walls of

the meatus and the foreign body, the stream of warm water should be

directed into it. A syringe such as that used for the removal of impacted

cerumen is suitable, and the auricle should be pulled well upwards and
backwards with the left hand, while the child's head is inclined somewhat
downwards towards the affected side, in order to assist the movement of the

object outwards. When the foreign body has reached the outer orifice, it

can be easily removed with a small scoop. It is to be noted that, if the

foreign body be a pea or other vegetable substance, it may, from absorption

of the fluid, become more firmly impacted after syringing. We should

therefore be prepared to use other means immediately after the failure of

syringing.

When, however, the foreign body is found to be impacted deeply in the

canal, especially if it has been forced, either at its introduction or in the

subsequent efforts to remove it, beyond the narrower portion of the canal.

into the space where the floor dips down and the canal widens, its removal

may be a matter of great difficulty. If, through inflammatory swelling of
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the walls of the meatus, the foreign body has become immovably fixed, the

difficulty may, for the time being, appear insuperable. In such tightly

impacted foreign bodies we should first examine carefully for any space,

however small, between the foreign body and the walls of the meatus, so

that a stream of water from a syringe may be directed into the space and
behind the foreign body with the hope that the latter may be urged, by the

pressure of the fluid, towards the external orifice. If, after a fair trial,

syringing should fail to expel the object, some form of instrument must be

resorted to. No one, however, should attempt extraction with an instru-

ment in such circumstances, especially in the case of a child, without the

use of chloroform or other general anaesthetic.

The patient being under the anaesthetic, the interior of the ear is thoroughly
illuminated, through a speculum, by means of a reflecting mirror on the forehead.
A thin but strong instrument, slightly curved, such as one of the blades of Dr.
Guy's forceps (miniature midwifery forceps), is introduced between the foreign body
and the wall of the meatus, selecting a gap, if such exists, and used as a lever to

urge the body outwards. Such an instrument should be as fine and small as possible,

compatible with sufficient strength, because it is often a matter of much difficulty

in such cases to pass even a thin instrument between the walls of the meatus and
the foreign body, while the force which may be necessary in order to prise the
object outwards can only be safely employed with a strong instrument. If practi-

cable, the instrument should be introduced antero-inferiorly, where the tympanic
membrane is farthest away from the orifice of the ear. Lister's hook is suitable
when the foreign body is not too deeply situated. A convenient instrument is to
be had having Guy's curved arrangement at the one end and Lister's hook at the
other. Ordinary forceps should, as a rule, be discarded, as they tend to impel the
object farther in ; only when the foreign body is close to the orifice of the ear, or
very small in size, are they permissible, and then syringing is preferable. If we
are able to encircle the object with a strong wire loop, used Avith Wilde's snare, it

may be possible to bring it safely away, or so change its position that syringing
may be successful or the use of the lever instrument rendered possible. In the
case of a vegetable substance, such as a pea, tightly impacted, a fine bent hook
may be used to break it down ; afterwards the fragments are expelled with a
syringe. Lowenberg suggested that a fine brush, dipped in a solution of glue,

should be applied to the foreign body, with the hope that adhesion may take place
and allow of the foreign body being safely withdrawn. In the case of long pointed
objects, lying across the meatus, it may be necessary to break them with forceps
and extract the pieces separately or syringe them out. If the foreign body has
passed through the tympanic membrane into the tympanic cavity, its removal with
the wire loop should be attempted. The author has not found any help in such
cases from the air douche, or fluid injections through the Eustachian tube, or
suction with Siegle's speculum, as suggested by some authorities.

If these various methods prove unsuccessful—the foreign body being immovably
wedged in the inner end of the meatus or in the tympanum—we should make a
long incision at the junction of the auricle with the mastoid process, dissect the
auricle and cartilaginous meatus forwards, and thus gain access to the osseous part
of the meatus, nearer to the foreign body. A strong lever instrument can then be
more safely and effectively employed. The wound should be carefully sutured, and
the meatus plugged with iodoform gauze for a few days. In the event of failure,

as a last resort the posterior wall of the osseous meatus should be removed with
the bur or chisel, and, if necessary, the antrum mastoideum can be opened.

Insects, such as fleas, earwigs, bugs, etc., may find their way into the

ear and excite alarm in the mind of the patient. Their presence may not
only produce the sensation of a moving body in the ear, but, by fastening

upon the skin of the meatus or the tympanic membrane, severe pain may
be excited. There is no evidence that the earwig is an especially dangerous
inmate of the ear, as popularly believed. Maggots may be found in the

ear, especially if the latter be the seat of a purulent discharge, from the

deposition of the eggs of the fly, probably attracted by the purulent odour.

Insects are easily expelled from the ear by syringing with water, or even by
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pouring water or oil into the ear, allowing it to remain for a few minutes.

The smoke of tobacco, blown into the meatus, usually leads to the departure

of the insect. In the case of maggots rectified spirit may be poured into

the ear, and after a time the use of the syringe will generally expel them.

It may be necessary, however, to pick them out with forceps. If a leech

should find its way into the ear, syringing with a solution of common salt

will ensure its expulsion.

3. Furunculi or Circumscribed Inflammation of the External
Meatus.—Syn. : Otitis externa circumscripta ; boils in the ear. This is

one of the commonest inflammatory affections of the external meatus, and

is often associated with boils elsewhere. The inflammation has its origin

in a hair follicle or gland in the subcutaneous tissue, generally in the

cartilaginous part of the meatus. A core of sloughed tissue usually results

with more or less purulent formation ; the latter may be very slight, or it

may constitute a distinct abscess. We generally find more than one in the

same ear, and they have a marked tendency to recur.

Causes.—While no doubt essentially microbic in origin, local irritating

conditions are important factors in the causation of these furunculi. The
special microbe, which enters the hair follicle and excites the inflammatory

process, is the staphylococcus pyogenes, aureus or alljus. The disease is often

associated with scaly eczema of the meatus, when the mechanical efforts to

relieve the feeling of itchiness seem to induce it. Furunculi are also a not

uncommon complication of purulent middle ear disease, probably owing to

infection derived from the purulent discharge. The constant presence of

moisture in the meatus, the temporary entrance of cold water while bathing,

or the use of irritants by way of treatment may excite the disease. Like

most diseases, it is often attributed by patients to cold. No doubt certain

defective states of the health may predispose to these furunculi, such as

diabetes. (See " Boils.")

Symptoms.—Pain in the ear is the chief symptom. This is sometimes

intensely acute, radiating, it may be, over the side of the head, while fre-

quently there is a painful pulsation in the ear described as a " hammering "
;

these painful sensations are always worse at night. Movements of the

auricle tend to aggravate the pain ; so does pressure, such as lying upon

the auricle, or pressure on the tragus. The pain is also intensified by move-

ments of the lower jaw, as in chewing, yawning, and even speaking. When
the boil is on the posterior wall of the meatus there may be pain on pressure

over the mastoid, which may sometimes be cedematous ; while, if over the

anterior wall, the front of the tragus may be swollen and very tender to

touch. The hearing is usually for the time defective, owing to the partial

or complete occlusion of the meatus by the swelling, while there is often a

humming or buzzing sensation in the ear. In severe cases febrile dis-

turbance may be present. When examining the ear we should at first

simply reflect light into the meatus without a speculum, as the use of the

latter may be very painful. If there be any secretion in the canal the

latter should be gently syringed and carefully dried with cotton-wool. We
may then find two or even three furunculi in different stages, and the

meatus entirely closed by the swelling. The skin over the furunculus is

usually reddish, and when pressed with a probe is extremely sensitive.

Course.—The inflammatory centre may develop into a distinct abscess,

but more frequently, after a few days, the boil ruptures, giving exit to a

small slough and a few drops of pus, with relief to the pain. The pus or

slough may require to be pressed out of the little orifice with a probe.

Granulation tissue occasionally sprouts from the opening, but the disease
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very rarely leads to any affection of the bone. Excessive formation of epi-

dermis or cerumen sometimes follows an attack.

Diagnosis.—The nature of the affection is determined by the soft

localised swelling, very sensitive to pressure with a probe, and also by the

pain elicited during pressure upon or traction of the auricle. It may in a

slight case look like a small pimple at the orifice of the ear. We must not

confound the oedema over the mastoid with actual periostitis.

Treatment.—Antiseptic and sedative plugs introduced and kept in the

ear are very useful, such as an ointment composed of 1 grain of menthol, 2

grains of iodoform or boracic acid, and 1 drachm of vaseline ; this is smeared
thickly on long cotton-wool plugs, introduced well into the meatus and
changed every few hours. Carbolic acid and vaseline, 1 in 50, may be used
in the same manner. An ointment composed of 1 grain of hydrochlorate of

morphine to 1 drachm of vaseline has a sedative effect. These plugs should not

be allowed to press painfully on the walls of the meatus, but made simply

to occupy the canal so as to bring the antiseptics in contact with the

inflamed areas. Some prefer the use of antiseptic solutions, especially in

the recurrent form of the disease, such as boracic acid and alcohol 1 in 20,

or perchloride of mercury 1 in 2000, but the author has found the antiseptic

plugs preferable.

Warmth and moisture, in the form of linseed -meal poultices or hot

fomentations, frequently applied over the ear, into which an antiseptic plug-

has been placed, are distinctly useful in relieving the pain. These
applications should, however, be discontinued as soon as the pain is relieved,

as there is no doubt that excessive poulticing tends very much to the

recurrence of furunculi. As a rule it is well to avoid the entrance of

liquids, such as oils, into the ear, and we should aim rather at keeping the

ear perfectly dry, with the exception of the antiseptic plugs. If syringing

be necessary, the ear should be afterwards most carefully mopped out with
absorbent cotton-wool. After syringing and drying, the insufflation of a

small quantity of fine boracic powder, before the introduction of the plug,

is useful where the canal is not completely closed. If the furunculi affect

an ear already the seat of purulent middle ear disease, it is doubly important
to employ dry treatment. In such a case, the ear as a rule requires to be

syringed with antiseptic solutions, but great care should be taken to dry the

whole of the meatus by means of absorbent cotton, on a cotton-holder. A
little dry boracic powder is then blown in and the antiseptic cotton-wool
plug worn.

If the pain, in spite of such remedies, continues so as to prevent sleep

and cause much suffering, an incision is made into the seat of the inflam-

mation. A slender and sharp-pointed blade, such as a fine tenotomy knife,

is suitable, and we should cut from below upwards, this being less painful,

The contents of the boil are then pressed out with a probe, and the fore-

going treatment carried out. If an anaesthetic be not administered, the

head should be held firmly, as the inflamed tissue is very sensitive to

incision, which, however, is generally soon afterwards followed by marked
relief. Granulation tissue, if present, should be removed with forceps

followed by the use of boric powder. If there be chronic scaly eczema of

the meatus, appropriate treatment must be employed, so as to prevent
recurrence of the boils.

In persistently recurrent furunculi, general treatment may be very
useful. We should regulate the diet, the use of stimulants, exercise, etc.

The possibility of the patient suffering from diabetes should be kept in view.

If there be anaemia on the one hand or plethora on the other, we must
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prescribe appropriate treatment. Arsenic may be employed in the persistent

forms, while sulphide of calcium is a remedy worthy of trial.

4. Diffused Inflammation of the External Meatus— Otitis Ex-
terna Diffusa.— This includes a variety of conditions in which the

cutaneous lining of the meatus, often including that of the tympanic
membrane, is involved in the inflammatory process. In the severe forms

the periosteum of the bony meatus usually participates.

The following varieties may be distinguished :

—

{a) The eczematous form, which manifests itself in the acute stage by
redness and swelling, with copious serous exudation and epidermic formation.

It is frequently based upon chronic scaly eczema of the meatus, or it may be

an extension from eczema of the auricle. Iodoform, used in the treatment

of middle ear disease, is sometimes responsible for it. Chronic eczema may
bring about stenosis of the meatus from gradual thickening of its lining

membrane.
(b) Traumatic Otitis Externa.— This form may be due to (1) the

insertion of foreign bodies in the ear, or, more commonly, improper attempts

to remove them
; (2) the introduction of irritating or caustic substances,

such as scalding water, cold water, chemical and caustic substances
; (3) the

unskilful use of instruments
; (4) injuries, such as punctured wounds,

fracture through the roof of the meatus, fracture of the tympanic plate.

The latter may be caused by a fall from a height in which great force is

applied to the chin ; the bleeding from the ear which takes place in this

injury may be readily mistaken for fracture of the base of the skull

(c) Syphilitic Otitis Externa.—This is a rare affection, and may occur

either in the primary or in the secondary stage of the disease. It is usually

seen in the form of condylomata and ulcerations, which are apt to leave

cicatrices or pigmentary patches ; the former sometimes seriously contract-

ing the canal. They usually occupy the outer orifice of the ear, appearing

as a grayish-red mass of granulation tissue, yielding a fcetid discharge. The
ulcerations have a dirty white appearance, circular in shape.

(d) Parasitic Otitis Externa.— This form (otomycosis) is due to the

growth and accumulation of fungi, generally belonging to the genus
aspergillus, found chiefly on the inner third of the canal, and the outer

surface of the membrane. Damp dwellings generally favour their formation.

The fungi seem to develop most frequently in a meatus where there has

been an accumulation of epidermis or cerumen, forming a nidus for the

germination and growth of the parasite. The two chief forms of fungi

found in the ear are, 1st, aspergillus nigricans, forming a blackish collection
;

2nd, aspergillus fiavescens, in which the spores form yellowish points—the

collections being whitish or grayish. These fungi adhere very tenaciously

to the osseous walls of the canal and to the tympanic membrane ; and, when
removed, the cutis beneath is red, presenting sometimes a bleeding tendency.

If the fungi be not eradicated there is a great tendency to relapse of the

inflammation with much pain. No doubt these collections of fungi are

sometimes regarded as simple ceruminous or epidermic accumulations. If

these show a tendency readily to recur, and especially if there be consider-

able pain, microscopic examination should be made.

(e) Croupous and Diphtheritic Inflammation.—This form is rare, and is

generally associated with pharyngeal diphtheria, although it has been known
to occur in the meatus independently of the throat. In this variety there

is a dirty grayish membrane, which adheres to the osseous meatus, and on

the separation of the membrane a bleeding surface is exposed.

(/) Secondary Otitis Externa.—In acute otitis media the lining of the
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osseous meatus is almost always involved; but the chronic middle ear

purulent affections still more frequently involve the meatus. The mastoid
antrum and mastoid cells are closely related to the postero-superior wall of

the bony meatus, so that purulent collections not infrequently make their way
through the layer of bone separating these spaces and burrow underneath
the lining of the meatus, or, bursting through the lining, a fistulous com-
munication with the meatus is formed. The greater part of the postero-

superior bony wall may thus be destroyed, with or without the formation of

sequestra. Even the whole of the bony tissue intervening between the
meatus and the anterior knee of the lateral sinus may in some cases be
destroyed. These conditions show themselves by profuse discharge and by
exuberant granulation tissue or polypi which spring up and frequently fill

the meatus.

Symptoms of these various forms of Otitis Externa.—In the acute stage
the subjective symptoms consist of pain, impairment of hearing and subjective

sounds ; they can scarcely be distinguished from those attending the cir-

cumscribed variety of inflammation. Like the latter the pain is usually
aggravated by movements of the jaw, or by pressure or traction upon the
auricle ; and the hearing is impaired in proportion to the degree of swelling,

and the amount of inflammatory products, as well as to the degree in which
the tympanum participates. In severe forms, at a very early stage, the
epidermis may be elevated by effused blood, causing one or more bluish

swellings in the bony meatus, which may lead to considerable discharge of

blood from the ear (otitis externa hseniorrhagica). After a short period of

hypersemia and swelling, with, it may be, hsemorrhagic elevations, a discharge
from the meatus appears. In the eczematous variety there are usually
itchiness, heat, and sense of fulness, and, on examination, we find in the
meatus serous or purulent secretion, with, in many cases, laminated masses
of sodden epidermis. After removing inflammatory products by cautious
syringing and drying, the meatal and tympanic surfaces are usually seen to

be red, swollen, spongy, or granular from loss of epidermis. In the chronic
stage, granulations are apt to spring up, while the discharge acquires a dis-

agreeable odour. Glandular enlargements of the neck or swelling over the
parotid gland are likewise not uncommon. If treatment be neglected or

insufficient, especially if the patient have an unhealthy constitution, the
disease is apt to go on indefinitely, and may bring about such consequences
as the following :—(1) stenosis of the meatus, from hypertrophy of the
cutaneous lining, or from hyperostosis of the bony walls; (2) caries or
necrosis of the osseous part (this is, however, a much more frequent
result of middle ear disease)

; (3) perforation of the tympanic membrane and
extension to the middle ear, or opacity and thickening of the tympanic
membrane

; (4) owing to the defective state of the tympanic plate in the
young child and to the clefts in the cartilaginous meatus, inflammation of
the external meatus is apt, at that time of fife, to extend to the articulation
of the jaw and the parotid gland

; (5) fatal implication of the meninges,
brain, or lateral sinus may result by extension through the roof or back
wall. This, however, is very rare compared with fatal extension from the
middle ear spaces.

As inflammatory affections of the meatus are very often associated with
middle ear disease, it is sometimes difficult, in a given case, to decide which
is the primary condition ; while, owing to stenosis of the meatus, it may be
impossible to determine accurately the state of the tympanic membrane or
middle ear. From furuncular inflammation the diffused form is distinguished
by the localised nature of the former as tested by a probe. If the inflamma-
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tion be eczematous, we shall find other symptoms of eczema, such as itchiness,

scaliness, and occasional serous discharge. In the parasitic form, microscopic

examination is necessary in order to form a correct diagnosis. This variety

is to be suspected, if a condition resembling a ceruminous collection is

attended by severe pain, difficulty in clearing out the meatus and tendency

to recur.

Treatment of the various forms of Otitis Externa Diffusa.—In the acute

stages, abstraction of blood, by means of leeches, will have a mitigating

influence, especially in removing pain. Two leeches applied over the tragus,

and two at the lower part of the mastoid, will afford sufficient depletion in

the case of an adult. After the bleeding has ceased, the good effects are

enhanced by the use of hot fomentations. In milder cases, or when there

is not much pain, removal of blood is unnecessary. Gentle syringing with

hot water, in which 2 per cent of boracic acid has been dissolved, is also

calculated to soothe pain. Warm poultices of linseed meal applied over the

ear are also soothing, but they should only be used while the pain is at its

height, and should be discontinued as soon as there is relief. A few drops

of tincture of opium or of the following—R/ Liniment, belladon., liniment,

opii aa 3iv. M.—placed on a plug of cotton-wool, and inserted in the outer

orifice, usually afford relief to pain. The gelatine preparations of Gruber
(amygdalae aurium) are preferred by some. These contain, for an adult,

either Jth of a grain of liquid extract of opium, or TVth of a grain of hydro-

chlorate of morphine. They are introduced with aural forceps, and the

meatus is afterwards closed with cotton-wool. The gelatine gradually dis-

solves, and relief to the pain follows. If the pain should be intense,

preventing sleep, an internal sedative, such as Dover's powder, or the

subcutaneous injection of morphia may be required at night. In the acute

condition rest and quiet in the house, especially during winter weather,

contribute to the recovery. At the same time a plug of cotton-wool should

be kept in the orifice of the ear, while a pad of cotton-wool is placed over

the side of the head.

When the secreting stage begins and inflammatory products occupy the

meatus, the ear should be gently syringed once or twice a day, or less

frequently if the secretion is slight, with a hot solution of boracic acid, then

dried as far as the tympanic membrane with absorbent cotton on a cotton

holder, and a small quantity of finely-powdered boracic acid blown in. As
soon, however, as the secretion has ceased to form, the parts should simply

be kept dry. Granulation tissue must, if present, be removed with a snare

or suitable forceps, followed either by the boracic treatment, just described, or

by the spirit treatment. The latter form of treatment is applied as

follows :—After syringing with a solution of boracic acid and drying out

the ear, a solution, consisting of equal parts of rectified spirit and water,

well warmed, should be poured into the ear and allowed to remain there for

ten minutes—repeating the process twice a day till the ear be perfectly dry.

When the condition of the meatus depends upon a purulent affection of the

middle ear, these remedies are specially suitable.

In the eczematous form of inflammation, when the walls of the canal

are thickened, and in the dry scaly condition, elongated plugs of cotton

smeared with an ointment, such as the following—Hydrarg. oxid. rub.,

hydrarg. ammoniat. aa gr. vj., adipis benzoat. sj., ol. olivee opt. 5ij. M.

—

should be inserted, twice a day, so as not only to stimulate absorption but

also to exercise a certain degree of pressure. In the more persistent forms

of thickening, a strong solution of nitrate of silver (40 grains to the ounce
of water) should be painted over the walls of the meatus twice a week, for



EAK, EXTEKNAL, DISEASES OE 113

several weeks. After each application a ball of cotton, soaked in a solution

of common salt, is applied for a few seconds to the orifice of the ear to

prevent blackening of the skin. In the dry scaly form, without stenosis

but with troublesome itching, we should use, in addition to the foregoing

treatment, the following:—^7 Acidi carbolici gr. v., spirit, rectif. 3ij.,

glycerini 3ij. M. Sig.—For painting external meatus twice daily.

If the inflammation be of a specific nature, general anti-syphilitic treat-

ment should be employed. The condylomata may be cut off with scissors,

and chromic acid then applied. Occasional dusting with calomel powder

will also prove useful. An ointment, containing 10 grains of iodoform to

an ounce of vaseline, may sometimes be applied with advantage.

In the treatment of the parasitic form, the effective use of the syringe,

with a 2 per cent solution of boracic or carbolic acid, as already mentioned,

may have to be repeated several times before the masses can be removed,

and the aid of forceps may be necessary. Some decided parasiticide, such as

rectified spirit or an alcoholic solution of bichloride of mercury (1 grain to

the ounce of rectified spirit), twice a day for a week may be required

to prevent recurrence. Such solutions, after being poured into the ear,

should be allowed to remain there for five minutes.

While local treatment is of first importance in these inflammations of

the external meatus, general treatment, especially in the chronic forms,

contributes to recovery, such as the use of iron, cod-liver oil, nutritious food,

abundance of fresh open air, etc. ; anti-syphilitic remedies in specific cases

;

arsenic in eczematous cases ; alkalies and aperients in gouty conditions.

5. Caries and Necrosis of the External Meatus.—While caries and

necrosis may occur primarily from inflammation of the osseous part of the

meatus, it is important to remember that bony affections of the meatus are

usually part of a purulent middle ear disease, especially affecting the posterior

wall through the proximity of the mastoid antrum and cells. In such cases,

the upper and back wall may be first seen to bulge, owing to pus forming

under the skin and periosteum. The bone, forming the outer wall of the

attic of the tympanum, is not infrequently involved, leading to exposure of

the head and neck of the malleus. In caries and necrosis there is a purulent,

often sanious, discharge from the ear, and exuberant granulations spring

from the seat of the diseased bone, which bleed readily when touched.

These may fill the canal of the ear, and they recur after removal. There are

often other manifest evidences of mastoid and tympanic disease. A probe

may show bare firm bone, especially on the back wall ; at other times there

is a movable sequestrum ; or the probe may pass through a carious aperture

into the cells behind.

Treatment of Caries and Necrosis.—A soft bulging in the upper and
back part of the canal may first require to be incised, when caries or necrosis

of the bone beneath may be found. In the case of a movable sequestrum,

syringing may be sufficient to remove it ; failing that, a pair of strong

forceps must be employed, while the patient is under chloroform. A long

pointed sequestrum, fixed transversely in the meatus, may require to be

broken before removal. Sequestra of considerable size, usually coming from

the mastoid wall, are often removed from the meatus. One or more necrotic

ossicles may also escape, or be removed from the meatus. Care must be

taken, after the removal of a sequestrum, to prevent stenosis, by plugging

with narrow strips of iodoform gauze. In many cases, caries or necrosis of

the postero-superior wall of the meatus can only be dealt with efficiently

by operating through the mastoid. It may then be found that the postero-

superior wall of the meatus has been already destroyed by caries or necrosis,

VOL. Ill 8
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or the operative treatment rnay necessitate the removal of that part of the

meatus. Where the middle ear spaces are really the sources of the mischief,

the thorough treatment of the purulent middle ear disease must be resorted

to. This will be found described in the article on purulent disease of the

middle ear. A superficial carious spot can be safely and successfully curetted

by a small sharp spoon, and the operation should be followed by the

application of iodoform and boracic acid, one of the former to three of the

latter. Any constitutional defect or cachexia must be treated by appro-

priate remedies.

6. Stenosis of the Meatus—(a) Stenosis from Malformation.—The

orifice of the ear may be reduced to a mere slit, from the approximation

of the anterior to the posterior wall, due to an over-flaccid state of the

fibrous tissue and skin in old persons. If this interferes with hearing, a

small silver tube, having the shape of an ear speculum, may be kept in the

ear during the waking hours. Congenital malformation is, however, more

important, when it is usually found in connection with a congenital defect

of the auricle, the meatus being at the same time absent or represented by

an indentation, or a small canal terminating in a cul-de-sac. There are

also usually in such cases congenital defects in the middle ear, and, therefore,

operative efforts to form a proper canal very rarely result in benefit to the

hearing. In a very few cases, where the congenital contraction has been

limited to the outer end of the meatus, benefit has followed the cautious use

of sponge tents. A partial closure of the meatus is sometimes caused by a

marked projection of the anteroinferior wall of the osseous portion—this

only proves inconvenient by impeding the examination of the lower part

of the membrane.
(b) Stenosisfrom Sivelling or Thickening of the Cutaneous Lining.—The

most common cause of this form of stenosis is chronic eczematous inflamma-

tion. The persistent irritation of the meatal lining, caused by a purulent

discharge from the middle ear, may also in time lead to swelling and

thickening, causing partial stenosis. Under this heading may also be

included partial or complete stenosis due to abscess, tumour, or enlargement

of the parotid gland in front. Pus may, in the former case, find its way
from the parotid into the meatus. Furunculi may also completely close the

meatus. Swellings arising from mastoid disease frequently also obstruct the

meatus from behind.

In the treatment of these forms of stricture of the meatus, we should

first clear away, by syringing with a warm solution of boracic acid, any

material, such as purulent, ceruminous or epidermic collections, which are

apt to collect in a narrow channel. If there be eczematous thickening and

no middle ear disease, we should treat this as already described. In

many cases, however, we have to deal with a discharge from the middle

ear. Then careful cleansing and drying of the narrow passage, along with

gentle efforts to dilate it, should be carried out. The mere regular introduc-

tion of a cotton-wool cylinder, for the purpose of drying the passage, has a

somewhat widening effect, and still more so if the elongated plug be

smeared with some stimulating ointment, such as iodoform or boracic acid and

vaseline, and retained constantly in the ear, changing it night and morning.

Such plugs should be gradually increased in thickness, as the increasing

lumen of the canal permits. Patients, when taught to introduce these

simple plugs, can often effect marked improvement, even when the thicken-

ing is partly bony in character. With increased width of the meatus,

treatment of the middle ear can be more efficiently carried out. In the

more intractable forms, sponge or laminaria tents, preferably the former, may
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be tried, but with caution. A severe and rapid dilatation must be avoided,

and the tent should not be allowed to remain in the ear more than an hour

at a time, nor repeated more frequently than every third or fourth day,

while the surgeon should be at hand to remove the tent if much pain is

excited. A small conically-shaped vulcanite or rubber tube, placed and

retained in the canal after the dilating efforts have ceased, may be useful

in maintaining the dilatation, while it facilitates syringing as well as the

escape of secretion from the middle ear.

(c) Stenosisfrom the Formation of Septa or Adhesions.—A membranous
septum sometimes forms across the meatus, leading to its entire occlusion.

It may be mistaken by the inexperienced observer for the tympanic

membrane ; but its nearness to the outer orifice and the absence of the

usual features of the tympanic membrane distinguish the one from the

other. The septum more frequently takes the form of a membrane with a

hole in the centre. A certain extent of the meatus may be closed by
adhesions, due to the long-continued contact of ulcerated surfaces, or to the

coalescence of granulation tissue. The defective hearing, in such cases, will

depend on the extent of the closure and on the condition of the middle ear.

Where we find septa or adhesions, the middle ear is or has been the seat of

purulent disease.

A membranous septum, closing the canal, should be removed by a

circular incision, and an antiseptic cotton-wool plug or a strip of iodoform

gauze introduced, so as to ensure an open space, until the healing process

has been completed. Adhesions have to be treated by separation with a

fine-bladed knife, followed by plugs, as in the case of septa.

(d) Stenosisfrom Hyperostosis of the Meatus.—Hyperostosis is frequently

due to chronic purulent middle ear disease, giving rise .to chronic periostitis

of the meatus with increased formation of bone. The cutaneous lining is

also usually reddish and somewhat thickened. The lumen of the canal may
be reduced so as scarcely to admit of an ordinary probe ; and, when due to

purulent middle ear disease, usually contains secretion. It is to be remem-
bered that, if the closure of the meatus be very great in these purulent

conditions of the middle ear, dangerous retention of pus in the deep parts

may result. Hyperostosis is occasionally found in connection with non-

purulent middle ear catarrh. From exostosis, hyperostosis is distinguished

by the diffused uniform thickening of the latter.

The treatment of this form of stenosis is included in that of the second

variety.

(e) Stenosisfrom Exostoses or Osseous Tumours.—There are two varieties

of exostoses of the meatus, (1) those with broad bases, usually multiple,

very hard, even ivory in texture, and terminating in apices, which approach

each other so as to leave a small space between; (2) those having a

narrow pedunculated attachment, usually springing from the posterior

meatal wall, and occurring singly.

Cause.—Aural exostosis seems frequently to be associated with hereditary

predisposition or constitutional peculiarity, and the ivory or multiple

varieties are probably in many cases connected with the gouty or rheumatic

diathesis. They are certainly found more commonly in men of middle age,

who eat and drink generously. The ivory varieties are not only usually

multiple in the one ear, but they are as a rule found in both ears. The
softer or pedunculated variety has, no doubt, in most cases, its origin in

irritation or inflammation of the posterior wall of the meatus, secondary,

in most cases, to an inflammatory process in the mastoid cells, which has

led to periosteal thickening or a small abscess. It is supposed that



116 EAK, EXTERNAL, DISEASES OF

granulation tissue first forms, which gradually undergoes a process of

ossification.

It seems probable that the frequent entrance of cold water into the ear

tends to lead to these growths; and we often find on inquiry that patients,

with aural exostoses, have been much in the habit of diving in water during

the earlier periods of their lives. It has been found by Blake and others

that the crania of the aboriginal inhabitants of America, who lived on river

banks, show the presence of exostoses in the ears remarkably frequently,

the explanation being that they spent much of their time in the water.

Aural exostoses are also said to be common amongst the South Sea Islanders,

who are notable divers in the sea.

Symptoms and Course.—Aural exostoses are frequently found in persona

who are not conscious of anything being wrong with the ear. The patient

may come to the surgeon owing to deafness due to some other cause, when
the presence of these growths is incidentally found by the surgeon. In

these cases the surgeon may see several knob -like projections, of ivory

hardness, pale in colour, very sensitive to the touch of a probe, and existing

in both ears. There is usually a space between their apices, through which

a portion of the tympanic membrane may 1 ie seen. This space may, however,

at some time or other become closed by epidermic or ceruminous collec-

tions, causing deafness, which brings the patient for advice. The pedunculated

variety, springing from the bony back wall near its junction with the

cartilaginous, is more likely to go on to complete closure of the meatus, the

skin covering it becoming slightly red and thickened. When complete

closure takes place pain may be excited, and there is serious impairment of

hearing. It is self-evident that, when the meatus is quite blocked by the

growth, the occurrence of a purulent disease in the middle ear might lead

to grave consequences.

The presence of exostoses is usually easily determined by the cautious

use of the probe, with good reflected light, when they are distinguished by
their hardness, comparative paleness, and circumscribed form. An exostosis

may in some cases be confounded with a furunculus in the ear, but only by
inexperienced observers.

Treatment of Aural Exostosis.—In many cases, where the growths do
not close the meatus, no treatment need be adopted. The contracted

lumen is, however, apt from time to time to be completely closed by epidermic

or ceruminous collection, producing deafness. These should be removed as

described at p. 104. The softening and removal of the masses situated

beyond the exostosis may be facilitated by syringing through a fine elastic

tube introduced through the narrow space. In this way operative treatment

may be indefinitely postponed. If a purulent condition exists, either in the

middle ear or in the meatus itself, appropriate treatment should be employed.

When the meatus becomes entirely blocked by the bony growths, operative

treatment is necessary, not only to relieve the deafness and subjective

sounds which exist, but also to avert the risk of purulent formation and
retention in the deeper parts.

Methods of Operating.—A general anaesthetic is necessary. If the exostosis has-

a slender pedicle we may be able to remove it by encircling the growth, if that be
possible, with a Jarvis nasal snare. The author succeeded with a galvanic snare
in a case where the pedicle was of considerable thickness. In these pedunculated
cases fine but strong dentists' forceps may be used with success, or a tap or two of

a mallet upon a suitable chisel may be sufficient to bring the growth away.
Many operators now employ a drill or bur propelled by a dental engine or an

electro-motor. A variety of burs and drills should be at hand ; a speculum may
be unnecessary if the exostoses ai'e pretty accessible, but good light rerieeted into
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the ear is essential. The tragus is pressed well forward, and if possible a fine steel

guard is introduced behind the growth. Owing to the bleeding, frequent mopping
with absorbent cotton-wool is required, and the operation may thus occupy a
considerable time. If we have to deal with the multiple, hard variety, the apices

should be ground away by a small bur till a sufficiently large opening is made.
When the growth is large, round, and of a softer texture, its base should first be
perforated with a small drill. Till the healing process is complete, narrow strips of

iodoform gauze should be pretty firmly packed into the meatus so as to keep the
canal open. In many cases, however, it is safer to expose the bony growth, by first

making an incision behind the auricle, to the extent of an inch and a half down
to the bone, and then displace the auricle and cartilaginous meatus so as to freely

expose the bony growth. In this way the bur can be employed more safely than
in operation through the meatus. Some prefer, after exposing the exostosis, to

use a chisel and mallet behind the base of the growth. The auricle is replaced,

and the wound carefully sutured, while the meatus is treated by strips of gauze,

as already mentioned. The author has found this a vei'y safe and satisfactory

operation.

7. Epithelioma of the External Meatus.—When occurring in this

part of the body epithelioma usually first shows itself by a simple-looking

abrasion, going on to thickening of the floor of the cartilaginous meatus.

This is followed by ulceration, with surrounding swelling and induration,

involving after a time the tragus, the mastoid tissues, and the auricle.

There is a constant fetid discharge, while unhealthy-looking granulations

sprout up. Pain of an intense and persistent nature is a most prominent

symptom, frequently preventing any sleep. Suspicion is aroused as to the

true nature of the disease by the fact that the usual remedies have no effect

on the pain, discharge or swelling. As time goes on the whole organ of

hearing becomes involved, including the Fallopian canal, while the cranial

cavity is ultimately invaded, and the bones in the neighbourhood of

the ear may be extensively exposed. There is facial paralysis, followed

eventually by meningeal or cerebral symptoms. Death usually results after

from one to two years.

Treatment.—If the case be seen in the very early stage, thorough excision

of all visible disease should be attempted ; but, unfortunately, before coming
under observation, it has usually extended so far that operative treatment

is scarcely admissible. Then regular antiseptic cleansing, with soothing

remedies, is all that can be done.
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Acute Inflammation.—Acute inflammation of the tympanic membrane,
or myringitis acuta, is by no means common as a primary condition.

In some cases of otitis externa, and in almost all examples of otitis media,

the drum-head participates to some extent ; but such are described under
" External and Middle Ear." Apart from this, however, it sometimes happens

that the membrane becomes inflamed owing to injury caused by the insertion
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of instruments, or by irritants such as cold or chemicals. Violent syringing

is also sometimes responsible for acute myringitis.

The most prominent symptom is severe pain, and this may be associated

with tinnitus of a hammering character. Deafness, as we shall presently

see, is not very marked when the inflammation is confined to the drum
membrane ; on the other hand, a certain amount of constitutional disturbance

and fever may exist. On examining the ear the membrane is seen to be

congested in the early stages, the parts chielly affected bring the immediate
neighbourhood of the malleus and the periphery, while the deeper portion of

the meatus may also be involved. At a later stage the whole surface

becomes uniformly reddened, and the outline of the malleus is no longer to

be distinguished. Sometimes serous and hemorrhagic blisters, and even
small abscesses, appear on the surface ; but more frequently, after the stage

of uniform redness, the surface epithelium heroines sodden and thrown off

in white flakes. Eventually the affection may lead to perforation.

The diagnosis depends upon the symptoms and the objective changes.

The only cases which ought to be diagnosed as acute myringitis are those in

which the above described changes in the membrane exist, associated only

with slight deafness. There is a method by which diagnosis can be assured,

but which should not be employed during the acute stage, as it is then

hurtful. I refer to passing the Eustachian catheter while the ear of the

surgeon is connected with that of the patient by means of an auscultating

tube. In a case of simple myringitis no moist sounds will be heard on the

passage of air, while in acute middle ear inflammation these can be detected.

As this proceeding increases the pain, and as it is, moreover, of no im-

portance from a therapeutic point of view to differentiate inflammation of

the drumhead alone from the same condition associated with acute otitis

media, this method should not be practised.

The prognosis is as a rule favourable, even if perforation has occurred.

The treatment must be regulated to a great extent by the severity of the

symptoms. In any ease, it will be desirable to keep the patient in the house,

or, if necessary, confine him to bed. Cold applications to the ear may be

tried, and, if well tolerated, continued, while leeching over the mastoid region

undoubtedly gives relief. As a rule, however, the pain will be readily

allayed by the instillation of a few drops of the following solution :

—

Cocain. hydrochlor.
Acid, carbolic . . . aa gr. v.

Glycerin .... 5j.

or a solution of menthol in paroleine up to 20 per cent may be used in the

same manner. If these remedies fail to give relief, incision of the inflamed

part may be desirable. Of course, if there be evidence of retained serum,
blood, or pus, this indication becomes emphasised. So long as the inflam-

mation lasts the meatus should be plugged with sterilised dressing.

Cheonic Inflammation of the Tympanic Membrane.—Various changes
in the tympanic membrane, which may be traced to inflammation, are by no
means uncommon. Thus in chronic middle ear suppuration a number of

different appearances may be met with. Again, in catarrhal and fibroid

conditions affecting the tympanum, the membrane is frequently implicated.

All these are, however, better discussed in connection with middle ear

disease. Prolonged irritation of the external surface may lead to congestion,

followed by appearances of dermatitis. Various changes have been described,

e.g. (1) throwing off of epidermis, (2) the formation of granulations,
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(3) ulceration, and (4) perforation, the last mentioned three conditions

being associated with more or less suppuration.

According to my own experience the only form of chronic myringitis

worthy of practical consideration is that in which the external surface of

the drum-head is seen to be thickened, so that the landmarks are more or

less obliterated. Even then, however, the malleus can usually be traced,

although its outline has lost definition. Sometimes, in addition, scales of

epidermis are thrown off, and the appearance is that of a chronic scaly

eczema. The treatment must depend upon the result of objective examina-
tion. If granulations be present, they should be cauterised with nitrate of

silver or chromic acid fused on a probe. The presence of pus indicates careful

syringing with boric lotion, followed by drying out and the insufflation of

powdered boric acid or instillations of rectified spirit. In the chronic scaly

form, which will be often found associated with eczema of the meatus, the

application of nitrate of silver dissolved in spirits of nitrous ether (10-20 gr.

ad 5i) will be found effective, while the ear must be kept free from epithelial

accumulations by means of the syringe. If such accumulations have already

occurred, they may be softened by means of a solution of bicarbonate of

soda (15 grs.) in an ounce of equal parts of water and glycerine.

Changes in the Tympanic Membrane which follow Previous Inflam-
mations.—These conditions will be fully described in another part of this

work (p. 123). I shall, therefore, merely refer to the fact that a cicatrix

always indicates that there has at one time been a perforation, due possibly

to myringitis, but probably to middle ear suppuration. Again, the presence
of calcareous deposits, although not pathognomonic, is strongly suggestive of

previous acute or chronic suppuration. Atrophic patches, on the other

hand, indicate chronic middle ear catarrh.

New Growths and Chronic Infective Granulomata.—In certain

cases aural polypi seem to be attached to the margins of a perforation, but
I suspect that this is a very rare occurrence, as these growths commonly
have their origins within the tympanum.

Horny growths, cholesteatomata, vascular tumours, osseous deposits,

cysts, gummata, and tubercle have been described. The last named is usually

associated with a tuberculous condition of the middle ear. In such cases

the membrane may show yellow nodules which break down and lead to

destruction of tissue, thus increasing the size of the already existing per-

foration.

Injuries of the Tympanic Membrane.— The drum membrane may
be injured by direct violence. Thus some persons are fond of boring

in their ears with instruments of various kinds, and a sudden accident

may drive the extremity against or through the membrane. Such lesions

are most commonly found in the anterior segment. A not uncommon
form of lesion is found in cases in which abortive attempts have been
made with instruments to remove real or imagined foreign bodies by un-
skilled persons, while rarely one meets with cases in which boiling liquids

having been poured into the ear, have produced burns, followed by per-

foration. Sudden changes of air pressure either on the inner or outer side

may lead to perforation of the membrane. Thus in chalky and cicatrised

drum-heads the use of Politzer's bag may be followed by perforation, and the

same may result from coughing, sneezing, or blowing the nose. Again,
boxing the ears, sudden loud sounds, diving, etc., may lead to the same
result.

Fractures involving the osseous meatus, and frequently the base of the
skull as well, may lead to injury of the tympanic membrane. In some cases
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of direct violence not only is the drum-head perforated, but the handle of

the malleus may be fractured. The symptoms vary considerably according

to the cause, and more particularly according to the amount of violence

used.

In most instances the occurrence of a perforation, or even of an injury

short of perforation, a sensation of sound is experienced at the moment,
associated, of course, with a good deal of pain. This pain may pass off

quickly, but, on the other hand, if infection of the tympanum has occurred,

it continues, and the case runs the course usual in acute otitis media. There
may also be a good deal of bleeding, and the hearing power is always impaired,

but to a varying extent. A certain amount of vertigo is by no means
uncommon.

On examining the ear after injury to the membrane, the appearances, of

course, vary within very wide limits. If only a superficial Lesion has resulted,

we usually find a localised area of inflammation, frequently assueiated with

the presence of coagula or ecchymoses. If such coagula be watched from
day to day it will be seen that they are gradually moved towards the

periphery of the membrane, and then on to the wall of the meatus, a

phenomenon probably due to excentric growth of the epithelium. "When an
actual perforation has taken place, the shape and size of the orifice will vary
according to the instrument with which the lesion has been inflicted in

cases of direct violence. If the orifice be small it may be covered by clotted

blood, while if it be large extravasations and coagula will be detected in the

surrounding parts. On the whole, it will probably be best, in eases where
doubt exists as to the presence or absence of a perforation, not to allow

diagnostic zeal free play. Obviously an invisible orifice may be rendered
visible by removing blood which covers it, but in doing so the surgeon may
infect the middle ear, and produce acute inflammation of the tympanum.
Again, by Valsalva's method, or by employing the Eustachian catheter, the

presence of a perforation can be detected, but under most circumstances it is

safer in these cases to trust to sight.

The most common forms of perforation, such as are produced by blows,

loud sounds, explosions, etc., are usually seen as somewhat lozenge-shaped

openings. This conformation is produced by the fact that the breach is

usually in the circular fibres of the membrane and parallel to the radiating

fibres. Sometimes instead of being elongated the opening becomes circular.

In either case the pale yellow mucosa of the tympanum may be seen through
the perforation. As a result of severe explosions very extensive injuries

are sometimes seen. Thus I can recall an instance in which both membranes
presented irregular rents, so that actual flaps were turned or folded over.

The prognosis depends mainly upon two questions, viz. (1) whether
secondary infection of the tympanum has been avoided

; (2) the amount of

deafness which exists.

If unfortunately an acute middle ear inflammation has resulted, the pros-

pects of the patient must be judged by the rules applicable to this disease.

If the hearing power be only slightly impaired, we may feel fairly confident

that it will soon become completely restored. On the other hand, should
marked deafness be present, and more particularly if bone conduction be
impaired, the prognosis should be guarded, at least until obvious improve-
ment has begun to manifest itself. In uncomplicated cases the perforation

gradually heals, the time occupied varying according to size and shape.

"Where perforation of the membrane is associated with fracture of the base,

the importance of the latter of course completely overshadows the ear lesion.

Treatment in traumatic perforation of the membrane is chiefly negative. It
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is of the utmost importance after the injury to avoid syringing, instillations,

and the like. The ear should as soon as possible be plugged with sterilised

wool or gauze. The patient must keep quiet for a day or two, and avoid

alcohol and tobacco. Should pain occur a cold compress may be applied

over the ear. Should inflammation of the middle ear set in the treatment

recommended in another section must be carried out.

Medico -Legal Aspects.— In examining a case of traumatic perforation

from a medico -legal point of view, several points have to be considered.

Thus if the injured membrane be cicatrised, and more particularly if there be
calcareous deposits, it may safely be assumed that a relatively small^ amount
of violence may have sufficed to cause a rupture. Again, if an injury has

been followed by middle ear suppuration, the surgeon will no longer be able to

differentiate this from a case due to other causes. The history, when accurately

obtainable, will be of assistance, but it is well also to examine the uninjured ear.

If there be evidence of past or present suppuration this will weigh in favour

of the affection on the other side not being traumatic. Another important
feature is the amount of deafness and the presence or absence of bone conduction.

If the hearing be much impaired, and if bone conduction be lost, the injury must
be considered as serious. It is then of course incumbent upon the medical man to

exclude malingering, which may be prompted by a desire for heavy damages. It

is also well always to make a careful objective and subjective examination.
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Definition.—Acute inflammation of the middle ear (otitis media acuta)

is a more or less severe inflammatory process affecting the whole or some
portion of the mucous membrane lining the middle ear, tending either to

resolution or to the formation of pus, and sometimes resulting in serious

complications and the extension of the inflammation to important neigh-

bouring parts.

Introductory.—Without entering fully into the anatomy of this region

it will be advisable to define very briefly what is meant by the " middle

ear," and to draw attention to one or two anatomical points which have an

important bearing upon some of the complications which may result from

a middle ear attack.

The term "middle ear" comprises not only the tympanic cavity, but also the

mastoid antrum, the mastoid cells, and the Eustachian canal. These parts are in

communication with one another, and with the naso-pharynx, by means of the

Eustachian tube, and are separated from the external auditory meatus by the

tympanic membrane. The tympanum, or " drum of the ear," is a narrow irregular

space in the substance of the temporal bone, and is placed between the external

meatus and the labyrinth. Extending across it is a bridge of small bones, articu-

lated together, which serve to bring the membrane, the outer boundary of the

cavity, into communication with the sound-perceiving apparatus. These bones
are known as the ossicles—the malleus, the incus, and the stapes. The head of the

malleus, and the body and short process of the incus, are situated higher than the

upper margin of the membrane, and occupy what is called the upper tympanic
cavity or attic. Along with their attachments and some folds of mucous membrane
they help to subdivide this cavity into a number of pockets, the lowest of which is

known as Prussak's space, which has as its outer boundary the membrana flaccida,

or Shrapnell's membrane. Inflammation and suppuration affecting this region is

apt to be very intractable and troublesome to treat. On the inner wall of the

tympanum will be found the fenestra ovalis or opening into the vestibule, and the
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fenestra rotunda or opening into the cochlea, both of which are closed by mem-
branes. The roof of the tympanum, or tegmen tympani, is a thin layer of bone
forming part of the middle cranial fossa, which is in contact with the dura mater
on its upper surface.

Just opposite to the middle and anterior part of the tympanic membrane is a
smooth rounded projection, known as the promontory. In front of this we meet
with the entrance to the osseous part of the Eustachian tube, while behind
and above the fenestra ovalis is part of the bony canal which contains the facial

nerve.
An opening in the upper part of the posterior wall of the tympanum communi-

cates with the mastoid antrum, a cavity of varying size. Its roof is continuous
with that of the tympanum, and is separated from the dura mater by the same
J)late of bone, which is sometimes very thin. The floor of the antrum is at a lower
evel than its opening of communication with the tympanum, and hence secretion

does not drain with ease from it. Lower down and more superficially are a number
of small pneumatic spaces known as the mastoid cells, and occupying the mastoid
process. They vary much in size in different individuals and at different periods
of life.

The relations of the middle ear to neighbouring structures, such as the brain,

the sigmoid sinus, the facial nerve, and the inner ear, require very i-areful considera-

tion when we remember the possibility of the extension of inflammation to themj
but they will require more detailed notice when the complications of chronic
suppurative inflammation and their operative- treatment are under consideration.

The somewhat complex cavities forming the middle ear are lined throughout
with mucous membrane, which is continuous through the Eustachian canal with
that of the naso-pharynx. The diseases of the middle ear will be seen to be due to

varying degrees of catarrh or inflammation of this mucous lining, and the disturb-

ances of the function of the organ of hearing associated with them are generally
caused by the pathological changes which result from these processes.

Middle ear inflammation is of importance, not only on account of its great

frequency, but also because it is liable to affect permanently the function of

the organ to a very serious extent, or to produce complications of an exceed-

ingly grave character. According to Gruber, symptoms of otitis media were

present in about two-thirds of all ear cases seen in his out-patient clinic.

While acute affections probably account for only a small proportion of these,

it is evident that the bulk of them must have commenced, at some period or

other, with more or less acute symptoms.
Classification.—Various attempts have been made to classify acute

inflammations of the middle ear on a clinical or pathological basis, but

without any very practical result. It is very usual to divide them into acute

catarrh and acute suppurative inflammation, and it has also been proposed

to separate them into a mild type and a severe type. These divisions do
not seem to cover quite the same ground, for an acute catarrh, as often seen

in children, may be very severe, while a suppurative attack may be of quite

a mild type. Although the onset of a serous or purulent discharge does

establish a fact which gives a distinct indication for treatment, yet the classi-

fication into perforative and non-perforative cases does not find favour, for it

gives no real information as to the course or severity of the individual case.

We propose, therefore, on clinical grounds, to subdivide acute otitis

media under the following headings :

—

1. Acute catarrh of the middle ear without effusion.

2. Acute inflammation of the middle ear with muco-serous effusion. In

this a perforation may or may not occur.

3. Acute purulent inflammation of the middle ear. In this a perforation

always occurs.

As will be seen later on, these are really different stages of the same
disease, and any individual case may stop short at the earlier stages, or may
pass through them with such rapidity that it is only the latter stage that is

recognised.
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It is not uncommon to find that authors devote a separate chapter to

the consideration of inflammation of the membrane (myringitis). Primary
myringitis may be produced by direct exposure or injury of the membrane,
or may follow eczema of the meatus, extension of inflammation in the

external auditory canal, or may result from foreign bodies or plugs of wax
pressing on the membrane, but it is doubtful if the inflammation so set up
can be limited for any length of time to the membrane. We shall therefore

consider acute inflammation of the membrane as in reality an inflammation

of the cavity of the tympanirm, possibly differing somewhat in extent and
degree.

Causes.—Acute middle ear catarrh is common in damp, cold climates.

It is frequently met with hi early life and in those whose occupation

necessitates exposure. Heredity, the gouty, rheumatic, tuberculous, and
strumous diatheses, and previous attacks, seem to be predisposing causes.

It may result from local conditions affecting the ear primarily, but in far

the larger number of cases it spreads by contiguity from local or general

conditions affecting the nose and naso-pharynx.

Among the conditions affecting the ear directly we may mention injury

to the membrane from a blow on the ear, or from unskilful efforts with

instruments to remove plugs of wax and foreign bodies, or from the attempt

to relieve irritation in the meatus by means of pins, etc., or from the instilla-

tion of very hot lotions, caustics, and corrosive drugs suggested by kind but

injudicious friends. The mischief may be started by a cold wind blowing
on the ear during a railway journey or while driving, or by water getting

into the meatus during washing or sea-bathing. Reflex irritation due
to the eruption of teeth in children, or when the teeth are diseased,

has sometimes a large share in producing and keeping up attacks of

middle ear catarrh. Among the less frequent causes of otitis may be
mentioned fracture through the temporal bone, intra-tympanic haemorrhage
in Bright's disease, and mycosis and furunculosis of the external meatus
(vide p. 108). By far the larger number of cases, however, are due to

morbid conditions of the nose and naso-pharynx. Any of the various

conditions which tend to cause and keep up a catarrh of the naso-pharynx,

such as an ordinary coryza, hypertrophied tonsils, adenoid vegetations,

influenza, diphtheria, mumps, and many others, frequently prove to be the

exciting cause of an otitis media. The rhinitis associated with the exan-
themata often tends to affect the middle ear, and scarlet fever and measles

are specially prone to produce acute purulent otitis. Next to these two
diseases adenoid vegetations probably account for the largest number of the

less severe attacks.

When patients are described as being specially liable to attacks of

middle ear catarrh, it does not follow that there is some hereditary or

inherent condition in the ear to account for this tendency, but it will almost
invariably be found, on investigation, that some morbid state of the nasal or

pharyngeal mucous membrane exists, the removal of which will go far to

prevent the recurrence of the attacks.

Various micro-organisms have been discovered in the discharge coming
from the ear, and there can be little doubt that they have an important
influence in causing and maintaining the diseased condition. The
organisms chiefly met with, according to the observations of Lowenberg,
Zaufal, Moos, and Netter, are the following : (1) the streptococcus pyogenes

;

(2) the staphylococcus pyogenes
; (3) the pneumococcus of Frankel

; (4) the

pneumo-bacillus of Friedlander ; and (5) the tubercle bacillus. Orne Green
records the results of a bacteriological examination made of the first drop
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of pus obtained after paracentesis in 101 cases of acute suppuration of the

tympanum. Pure cultures were obtained in 73, showing staphylococcus in

•"56, streptococcus in 19, pneumococcus in 10, bacillus diphtheria* in 2, and
bacillus pyocyaneus in 3 cases. There were also 28 cases of mixed infections.

Investigations made by Leutert tend to show that cases of otitis media
with the pneumococcus are generally milder than those associated with the

streptococcus. In the former the duration of suppuration was shorter, the

fibrile reaction less marked, and the injury to bone, if present, was leaf

pronounced. All the same, he found subdural abscess more frequently with

the pneumococcus than witli the streptococcus. He attempts t<> explain this

by supposing that the smaller destruction of bone, caused by the former,

renders external drainage more difficult. The attacks of otitis with the

streptococcus are apt to be more virulent, with greater damage to bona
When sinus thrombosis occurs it is almost always associated with this

organism.

According to Green, who has tabulated cultures made from 144 cases of

diseased mastoids, we may find any of the common varieties of microbe in

mastoiditis, but the staphylococcus is more frequent than tin- streptococcus.

He does not believe that the special organism is of much importance

in this disease, and thinks that vastly more depends mi the histological and

anatomical peculiarities of the bone than on the variety of the microbe.

Zaufal has shown that the normal tympanum, in rabbits, contains germs,

and that organisms are abundant in the naso-pharynx. It is therefore more
than likely that under circumstances favourable to the growth and develop-

ment of microbes, the middle ear is infected through the Eustachian

canal, although it is probable that frequently the organism gains access

through a perforated membrane. These interesting investigations, however,

do not at present give us much assistance in the classification of, or the

practical treatment of our cases, but it may be hoped that further know-
ledge may lead to something of value, at least as to the treatment and

prognosis of protracted cases.

In addition to the causes tending to an extension of catarrh through the

Eustachian canal, it must be remembered that ear disease may be set up by
Politzer's bag or the catheter, used in an improper way or under unsuitable

circumstances, and without doubt acute otitis results not infrequently from

the careless use of the nasal douche. Fluid may also be forced up the

Eustachian tube when diving and swimming, or may pass directly into the

middle ear if there be an old perforation.

Pathology.— In the early stage of the disease, and throughout the

course of a mild case, the catarrh is confined to the superficial layer of the

lining membrane of the middle ear. Congestive swelling takes place, and is

soon followed by exudation of serum and mucus. In severe forms the

inflammation and swelling become more intense, and the deeper periosteal

layers are involved, while the exudation becomes purulent in character.

The swelling is due to dilated vessels, along with the interstitial, serous, and
cellular infiltration. As the case proceeds the epithelial layer tends to

soften, and the surface presents a red, soft, granular appearance. Perfora-

tion of the membrane is likely to take place in a severe case, either from the

direct pressure of the exudation or from destruction of part of the membrane,
owing to the acuteness of the inflammation. In the milder attacks the

inflammation would appear to be limited in its activity to the Eustachian

tube and lower part of the tympanic cavity, but in severe cases the whole

lining membrane, including that of the mastoid cells, is equally affected

When this is the case the swelling of the mucous membrane may easily



EAR, ACUTE INFLAMMATION OF THE MIDDLE EAE 125

block the normal channels of communication between the various parts of

the middle ear, interfering with proper drainage, and thus leading to re-

tention of pus, periostitis, and even necrosis in the mastoid and attic.

Symptoms.—The prominent symptoms of acute otitis media are pain,

deafness, tinnitus, with a varying amount of constitutional disturbance, as

shown by a rise of temperature, general malaise, nausea, giddiness, and
headache, but these vary greatly according to the type and severity of the

attack.

Pain is usually the first symptom to attract attention. It commences
as a feeling of discomfort or tension in the ear, which soon becomes actual

pain. It is not as a rule continuous, but will almost disappear for a few
hours, shortly to reappear with renewed intensity, and this most frequently

at night. It may vary from a dull ache to the most intense agony, and to

some extent the violence and character of the inflammation may be gauged
by the severity of the pain. A numb feeling or actual pain may radiate

over the whole side of the head, and it will generally be found that pressure

on the tragus, or movement of the auricle, increases the discomfort. In
children attacks of " earache " are often spoken of lightly as if they were
one of the necessary ills of childhood, but it should be recognised that these

are almost invariably due to a middle ear inflammation, and that even in

the mildest attack the hearing may suffer permanently. With the appear-
ance of a discharge immediate relief generally comes, at any rate for a
time.

Deafness may be slight at the onset of the attack, and may not attract

much notice for a day or two, more especially if one ear alone be affected.

Sounds may be correctly recognised, but as if they proceeded from a dis-

tance, and the patient often complains that he hears his own voice with
almost painful distinctness and force. As the catarrh extends and the

exudation and swelling increase, the loss of hearing power becomes more
marked, until it may be almost absolute for external sounds. The tuning-

fork will be better heard in contact with the mastoid than when its vibra-

tions are conveyed through the air on the affected side. Occasionally when
the inflammation is of a very severe type, as in some cases of scarlet or

typhoid fever, an early extension to the labyrinth takes place, causing
absolute deafness, which is likely to prove more or less permanent.

Noises of some kind are generally heard in the affected ear by the

patient, but these seldom cause the annoyance and distress that tinnitus

often does in chronic ear affections. The patient's attention is probably
centred on the other acute symptoms, and hence he pays less attention at

this stage to the tinnitus. However, he often describes a thumping, beat-

ing, or pulsating sound, synchronous with the heart's action, as being-

present, while later on the sound becomes more steady and continuous, like

the escape of steam or the rushing of water. Bubbling or crackling sounds
are often noticed from the passage of a little air through the fluid exuda-
tion in the tympanic cavity.

Constitutional symptoms are sometimes ushered in by a chill or even
by a rigor. In mild attacks the temperature does not rise appreciably, but
when the attack is very acute the temperature will range from 100° to 104°.

There is a general feeling of uneasiness, loss of appetite, and possibly

nausea, with headache and dizziness. In people of a nervous temperament,
and specially in children, the general disturbance is often very great.

The objective signs of otitis consist mainly in changes in the normal
appearance of the membrane, which can only be detected when it is care-

fully examined with a speculum and reflected light. In the stage of acute
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catarrh the surface of the membrane is of a dull opaque colour and wanting
in lustre. In severer forms its cutaneous layer exhibits marked injection

of the small vessels, or its whole surface may assume a bright red or

purplish red colour. When serous exudation is poured out into the tym-

panum the membrane tends to bulge outwards, and it may not be possible

to recognise the handle of the malleus. Sometimes when the exudation is

copious the membrane appears transparent and not reddened, and it is

possible to distinguish through it the presence of a quantity of fluid, a dark

line indicating the level to which the fluid lias reached. When the exuda-

tion becomes purulent the bulging membrane varies in colour from a tinge of

red to a bright red with a yellowish background; or a yellow spot may
indicate the point at which perforation is about to take place. When the

membrane is cedematous it is sometimes not easy to recognise a small

perforation with the eye, but if there be fluid in the meatus, to which a

pulsation is communicated, it is safe to assert that the perforation exists.

When extensive necrosis of the membrane has occurred the position and
extent of the perforation can generally be made out after the meatus has

been dried out. The secretion from the tympanum may be mucus, serum,

pus, or blood, but more frequently it consists of a combination of these.

The glands behind and below the ear may be swollen and tender, and

the soft parts over the mastoid may be cedematous or slightly reddened.

Facial paralysis is occasionally though rarely observed in the course of an
acute middle ear catarrh from effusion into the Fallopian canal.

The most severe cases of otitis media occur in the course of attacks of

scarlatina, measles, and diphtheria, and it is probably due to the organisms

present in these cases that the inflammation is of such severity as to cause

rapid and extensive destruction of the membrane, and often the early onset

of mastoid or other complications.

In otitis associated with tuberculous disease the symptoms seem to

attract less notice than usual, because there is generally but little pain.

The appearance of a purulent discharge may be the first intimation that

the ear requires attention ; all the same, these cases very readily become
chronic ones.

Influenza is said by some to modify the symptoms of otitis occurring in

its course. A hemorrhagic form of middle ear disease associated with

influenza has been described, and a tendency to persistence of mastoid pain

after the local conditions have improved is not uncommon. The latter is

probably a neuralgic condition due to the well-known depressing power of

the disease. Considering the great frequency of so-called influenza, it

would appear that the disease does not tend to cause middle ear inflamma-

tions to any greater extent than one would expect, in view of the tendency

to catarrh of the air passages which accompanies it. An opposite opinion

is, however, held by several writers.

Results.—The results of acute otitis vary greatly according to the type

and severity of the attack. In a simple acute catarrh the majority of cases

tends to recover with almost no special treatment. In catarrh with exuda-

tion also the result may be, (1) a complete recovery, without perceptible

changes; (2) recovery with some adhesions and slight defect in healing, or

(3) a perforation with purulent discharge.

The result of acute purulent inflammation may be

—

1. Complete cure, with healing of the membrane.

2. Closing of the perforation by cicatricial tissue and adhesions.

3. Continuance of the perforation with or without a chronic discharge.

4. Certain complications which may be dangerous to life.
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We have already mentioned that facial paralysis and labyrinthine deaf-

ness may occur in the course of an acute otitis, and to these complications

may be added mastoid disease, polypi, meningitis, cerebral abscess, throm-

bosis of the lateral sinus, and septicaemia. As these are much more
frequently the accompaniment of chronic suppuration we shall not further

refer to them here. No hard and fast rule can be made to decide when an
acute otitis should be classed as a chronic case. A consideration of the

symptoms will help to decide this question, but speaking very generally,

when a purulent discharge shows no signs of abating after six weeks or two
months under treatment, it may be considered that the case is becoming a

chronic one.

Diagnosis.—The history of the case, taken along with the symptoms and
appearances which have been mentioned, make the diagnosis of a typical

case one of no great difficulty. It is a more difficult matter, sometimes, to

make an accurate diagnosis when the appearances are masked by some
other ear affection, or when we have superadded some of the more serious

complications which may supervene in the course of an otitis media. It

should be remembered that pain and deafness, the prominent symptoms, are

to be met with in various ear conditions, and hence it is not surprising that

the true nature of the case is not always evident at the first glance. For
example, in furunculosis we find great pain and deafness if the meatus be
much blocked by swelling, and possibly a little discharge ; in neuralgia

from bad teeth we often have acute pain located in the ear, hyperemia
of the membrane, and slight deafness ; and plugs of wax, foreign bodies

pressing on the drum, eczema, and inflammation of the external meatus, may
for a time obscure the real condition. Perforation of the drum is some-
times difficult to detect, but the occurrence of this condition can generally be
discovered by inspection of the drum, by noting the secretion, and if necessary

listening to the sound produced while air is injected into the tympanum.
In certain cases, where the constitutional symptoms are very severe, the

ear may at first escape notice and examination, and typhoid fever or

meningitis may be suspected.

In infants acute otitis is not uncommon, but the diagnosis is apt to be
overlooked because the little patient is unable to indicate the seat of the

pain, and the deafness may pass undiscovered. The general symptoms are

often very severe, including high fever, restlessness, vomiting, and even
convulsions, before the ear is placed under suspicion. Hartmann has shown
that otitis media in infants is often associated with intestinal disturbances,

as indicated by dyspepsia and wasting, and that after paracentesis of the

membrane the temperature falls, the disturbance in the digestive organs
disappears, and an increase of weight follows. In any infant where there

are symptoms of restless discomfort, screaming, feverishness, etc., without
evident cause for the same, it is well to make a careful examination of the
ears for the presence of a possible otitis. The severity of the constitutional

symptoms is probably in part due to anatomical peculiarities in the middle
ear in the child, such as the relatively greater size and thickness of the

membrane and the incomplete development of the bony parts of the middle
ear. Measles and scarlet fever produce such a large number of cases of

otitis that it is necessary to be on the lookout for early signs of ear trouble,

and by early attention to the throat and nose to try and lessen the risk of

middle ear affections. It should be remembered that some authorities con-
sider the discharge from the middle ear in a case of scarlatina as highly
infectious. It is not clear, however, how long the discharge may be a source
of danger to others.
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Prognosis.—In estimating the prospects of a patient suffering from
acute middle ear catarrh we must remember that the disease may affect the

function of the organ, or may produce complications which may endanger
the patient's health or even his life. It seldom happens that acute otitis

leads directly to a fatal result, but the hearing power is often more or less

permanently impaired.

In the mild catarrhal types complete recovery is usually to be expected,

but in the acute purulent attacks the intensity of the symptoms will

generally bear some relation to the course and effects of the disease. Swell-

ing and pain over the mastoid, continuance of the pain, and fever, with
copious discharge, make it probable that the case will be a protracted one,

while rapid subsidence of the fever and other symptoms after perforation

may be viewed in a favourable light. Needless to say, a patient in a

robust condition of health is likely to make a quicker and more satisfactory

recovery than one who is the subject of tuberculosis, syphilis, or general

debility. The position and size of the perforation will sometimes influence

the course of the attack, for a very small perforation, or one situated high

up, or in Shrapnell's membrane, may cause the retention of discharge

instead of allowing it to pass freely away. While necrosis and mastoid

abscess seriously protract the illness and call for prompt measures, in acute

cases they are much more amenable to successful operative treatment than
chronic cases.

Mild attacks of short duration, often spoken of as " earache," are not in-

frequently viewed as being too trivial to require any special attention.

While they may recover completely without any after effects, it should be
remembered that not a few cases of auditory defects discovered in later life

can be traced back to former apparently trifling and neglected attacks of

otitis. Eepeated attacks of earache, however slight, are likely sooner or

later to cause damage to the ear, and therefore their cause should be inves-

tigated without delay.

It is always well to give a guarded prognosis at first as to the hearing

power. If there is very marked deafness, and if there is great destruction

of the drum and detachment of the ossicles, or if the labyrinth appears to

be secondarily affected, there is likely to be more or less permanent inter-

ference with the function of the organ. If improvement commences soon

after the cessation of the inflammation, and if this is increased by inflation

of the tympanum, a favourable result may be predicted with some amount
of confidence.

Treatment.—The remedies to be employed will depend to some extent

on the severity of the symptoms and on the stage which the disease has

reached before it comes under observation. The objects to be kept in view

are to cure the local affection, to diminish the acuteness of the inflammatory

process, to prevent complications, and to remove as far as possible the cause

of the attack.

Confinement to the house and to a warm room is always advisable, and
if his temperature is much above normal the patient should also be kept in

bed. The food should be light and non-stimulating, and alcohol and tobacco

must be interdicted. The state of the bowels should be inquired into, and
it is a good rule to commence the treatment with a small dose of calomel

or grey powder, to be followed by a saline purge in the morning. In

children, if the skin is hot and dry, a warm bath and a simple dia-

phoretic mixture may be ordered, while in cases where there is great

restlessness or loss of sleep it may be necessary to give bromide or Dover's

powder.
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In the mild catarrhal stage these remedies may be all that is required,

but if the case proves more severe it will next be necessary to adopt some
measures for the relief of pain. For this purpose two or three leeches may
be applied over the tragus and the mastoid process, or cold may be applied
by means of an ice-bag or a Leiter's coil. Most frequently, however,
warmth will be found more comforting to the patient than cold, and it

should be used in the form of dry heat—flannel, cotton wool, or the old-

fashioned hot salt-bag—while poultices and moist applications should be
avoided. A few drops of chloroform on cotton wool, or of some aseptic

solution containing a local anaesthetic, may be tried with advantage, but it

is necessary that the medicament should come into actual contact with the
membrane if it is to ease the pain. The anaesthetic action of pure carbolic

acid in glycerine, 1 part in 10, has been highly praised, but as a general
rule we have employed the following drops with excellent results in reliev-

ing the pain and lessening the local inflammation :

—

IJs Cocain. hydrochlor. . . gr. vj.

Acidi carbolici . . . . gr. vj.

Glycerini . . . . 5ij. M.

10 drops of this mixture can be warmed and put into the ear when the
pain is troublesome, care being taken to move the auricle backwards and
forwards until the drops have reached the membrane. In addition to this,

Gruber's medicated gelatine preparations, or solutions containing morphine,
atropine, lead and opium, and many other substances, may be used with
advantage. Mustard and other counter-irritants applied over the mastoid
may allay pain, but they also may mask the onset of mastoiditis, and there-

fore are better avoided.

When these measures fail to give relief in a short while, it may be
necessary to perform paracentesis of the membrane. The indications for

this procedure are great pain and bulging of the membrane from excess
of secretion. Even when the presence of exudation is doubtful an incision

may be recommended, for it greatly eases the pain, and heals very rapidly
if no suppurative condition is found. In a commencing purulent inflamma-
tion, and specially in scarlatinal cases, it is well to incise early, for not
only is the pain thus alleviated, but there is likely to be less destruction

of the substance of the membrane than there will be if we wait for spon-
taneous rupture.

Paracentesis is performed with a slender, spear-shaped knife fitted to a.

bent handle, and when using this a good light should always be reflected on
to the membrane, and every antiseptic precaution attended to. The in-

cision should be of sufficient size to allow the free escape of the retained

secretion, and the point usually selected for it is in the posterior inferior

quadrant. In children it will generally be necessary to administer a
general anaesthetic, but in adults this can usually be dispensed with, for

though the pain is very severe it is only momentary. After the opening
has been made the meatus should be plugged with sterilised wool, and the
ear should not be syringed at all unless there is an undoubted discharge of

pus from the incision.

Whenever the acute symptoms have begun to subside it is well to

commence inflating the tympanum by one of the recognised methods,
whether a perforation exists or not. This has the effect of opening up the
Eustachian tube, restoring the normal pressure of the air in the cavity, and
dislodging the viscid secretion from around the ossicles, while if a rupture
has taken place it will drive the exudation from the tympanum into the

VOL, III 9
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meatus, from which position it can easily be removed. The inflation by

Politzer*s method should be continued for some weeks, say two or three

times a week, in order to prevent the formation of adhesions, or to stretclj

them if they have already formed. When one ear alone requires inflation,

and this requires to be done for a long time, the force of tin- air douchfl

may over-distend the membrane of the good oar. This can be guarded

against by making the patient press firmly with his finger on the tragus of

the sound ear in order to counteract the force of the air, or the Eustachian

catheter may be substituted for Politzer'e b

When the third stage, that of purulent discharge, has become estab-

lished, whether after spontaneous perforation or paracentesis, it is necessary

to syringe the oar with some unirritating antiseptic lotion. For genera]

use warm boric lotion will answer best, the meatus being thoroughly dried

out with absorbent medicated wool after each occasion. It is hardly

necessary to particularise the various lotions that have been recommended
for this purpose, it is sufficient to say thai almost any antiseptic lotion

may be used, provided we keep before us the objects to be attained, viz.

perfect cleanliness and dryness.

The insufflation of a little finely-powdered boracic acid or iodoform

often helps to dry up the secretion, but when the perforation is small it

should be avoided, as it may cause a mechanical obstruction to the escape

of the discharge. Still, when the perforation is of good size and the dis-

charge has begun to lessen in quantity, this method of treatment is Yen-

effective in finally drying up the secretion.

Along with the local treatment it is necessary to attend to any nose or

throat condition which may be present Pharyngitis and nasopharyngeal

catarrh should be promptly treated, and it will often do much good to

spray the nose with a mild alkaline solution. It must not be forgotten

that adenoids, with hypertrophied tonsils, are the cause of many attacks of

acute middle ear catarrh, and the operative treatment of these should only

be delayed until the acute ear symptoms have passed off. The removal of

the adenoids must be looked upon as one of the most important preventive

measures against the recurrence of otitic attacks.

Occasionally pain and swelling over the mastoid may, at a very early

period, indicate the appearance of a superficial mastoid abscess, and when
this is the case it is proper to make a free incision down to the bone, and a

little behind the auricle, in order to evacuate the pus. It must be remem-
bered, however, that in such cases, almost without exception, the mastoid

cells will be full of pus, and that a minute sinus communicating with the

superficial collection of pus can be found. The external incision, often

spoken of as Wilde's incision, often gives great relief to the patient, but it

should be looked upon as only the first step in the operation, which should

include the opening of the mastoid process also. If this is not done we are

very likely to find that a permanent sinus results, and that caries of bone

will follow, necessitating a more extensive operation under much less

favourable circumstances.

The diagnosis and treatment of the various complications which have

been mentioned as occasionally occurring in acute middle ear inflammation do

not require consideration here, as they are much more frequently the accom-

paniment of chronic suppuration, to which the reader is referred.
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Chronic Suppurative Inflammation of the Middle Ear
(Otitis media purulenta chronica)

Syn.—Pyogenic Otitis Media

Chronic suppurative inflammation of the middle ear is in almost all

cases the result of a previous acute inflammatory attack. The same
setiological factors which play a prominent part in the production of acute

suppurative middle ear catarrh may consequently be ranked as active

causes in the production of the chronic type of the disease.

Of the more important affections which fall under the former heading-

may be cited the various exanthemata, measles, scarlet fever, scarlatinal

diphtheria, small-pox, and such general diseases as diphtheria, mumps,
pneumonia, influenza (la grippe), pulmonary phthisis, typhoid fever,

malaria, bronchitis, Bright's disease, cerebro-spinal meningitis, etc.

The extension of catarrhal affections from the nose, the pharynx, and
the naso-pharynx plays also a prominent part in the production of acute
middle ear suppuration, and hence in many cases in chronic suppurative
attacks also.

Many post-nasal growths, especially post-nasal adenoid vegetations,

produce such a degree of Eustachian obstruction as to interfere with the
normal physiological action of the tube, and are responsible in large

numbers of cases not only in causing acute attacks, but also in keeping up
such a degree of irritation as to prevent resolution, and so in promoting
chronicity.

Causes acting upon the membrana tympani from without, e.g. draughts,
the entrance of water (especially sea-water) into the external auditory
meatus, or into the middle ear from a too forcible employment of the
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nasal douche, injuries (blows, concussions, etc.), the extension of a chronic

inflammation of the external auditory meatus (Walb), by at times pro-

ducing acute inflammatory attacks, are also contributory elements in the

production of chronic suppurative catarrh.

In tuberculous disease of the middle ear, the process is regarded by
most authorities as assuming a chronic type ab initio, that is to say, sthenic

symptoms are absent, and perforation of the membrana tympani takes

place painlessly, a discharge from the cavity of the middle ear being

probably the first indication of the presence of the morbid process.

It is doubtful if, tuberculous lesions excepted, the chronic type of the

disease is ever observed without there having been at some period an
acute, or at least a semi-acute stage present.

In diabetic patients this preliminary acute stage may be of very short

duration, the unfavourable effects of diabetes upon the tissues of the

middle ear being well recognised.

^Etiology in Infants.—Suppurative middle car disease, both acute and
chronic, is more frequently met with in children than in adults, the propor-

tion being 70 to 30. Various factors are responsible for this. In the first

place the exanthemata, which are prolific sources of ear trouble, are more com-
monly met with in children, as are also affections of the Lymphoid structures

of the upper respiratory tract, e.g. enlarged tonsils, naso-phaiyngeal adenoids.

Dentition, congenital syphilis, and catarrhal affections are also responsible

for the production of otitis media in many infants and young children.

Tuberculous disease of the middle ear and adjoining mastoid cells is also

comparatively common, especially amongst the children of the poorer classes

of our large cities.

Purulent disease is also at times met with in the middle ears of new-
born infants, and may be due to an abnormal metamorphosis of the

embryonic mucous tissue which exists normally, or to the passage into the

middle ear of liquor amnii during forced attempts at respiration.

In children acute attacks of middle ear suppuration are at times ushered

in by symptoms of great gravity. In fact until a discharge from the middle

ear takes place such cases are frequently diagnosed as inflammation of the

membranes of the brain. The practical difficulties encountered in success-

fully treating acute inflammatory affections of the middle ear in childhood

probably go far to explain why so many cases pass into the chronic stage.

Predisposing Causes.—Among the most important predisposing causes

may be mentioned hereditary tendency, the possession of the so-called

strumous, tuberculous, or syphilitic diathesis, the presence of nasopharyn-
geal disease, especially post-nasal adenoid vegetations, and the existence of

some pre-existing middle ear affection which, having become latent, is prone

to be stirred up to renewed activity under the influence of certain

unfavourable circumstances.

Segments of the Middle Ear usually involved.—Chronic purulent disease

most usually attacks the mucosa lining the Eustachian tube, and the atrium

of the middle ear. In certain cases it may attack the mucous membrane
of the recessus epitympanicus (attic), and remain localised in this portion

of the middle ear for varying periods. In the later stages of chronic

purulent otitis media involvement of the mucosa lining the mastoid antrum
and the adjoining mastoid cells may take place.

Certain anatomical peculiarities in the middle ears of young children

deserve consideration on accoimt of their practical and clinical importance.

Thus the membrana tympani occupies a much more horizontal position

than it does in adults, and is also relatively thicker and larger. Hence in
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the examination of the middle ear of a child the auricle should be drawn
downwards and somewhat forwards, in the adult upwards and back-

wards.

The Eustachian tube in the young child is shorter, of somewhat larger

calibre, and more horizontally situated than in the adult, and hence acts as

a somewhat better drain and is more easily inflated. The mucosa lining

the middle ear is frequently in intimate association with the dura by means
of a process of fibrous tissue running through the unossified squamo-petrosal

fissure.

The mastoid or tympanic antrum is, however, of large size, and is more
superficially placed than in the adult. The lateral sinus in young children

is separated from the mastoid cells by a bridge of bone which is relatively

thicker than in the adult.

Bacteriology of Chronic Suppurative Inflammation.— The role

played by micro-organisms in the production of chronic suppurative

middle ear disease is a most important one. Whether micro-organisms

are to be looked upon as the actual factors in the production of middle ear

suppuration, or only as incidental to it, is at present a moot point, but that

they play a prominent part, not only in the disease itself, but also in the

production of its complications, is undoubted. Aerial contamination of the

cavity of the middle ear may readily take place either by way of the

Eustachian tube or external auditory meatus. Putrefactive bacilli are

present in large numbers in foetid discharge from the middle ear, and are

absent in non-foetid discharge, and it is a noticeable and important fact

that many cases of what are primarily acute catarrhal inflammations of

the tympanic mucosa become purulent only after perforation, and hence
aerial contamination, has taken place.

The principal organisms found in purulent discharge from the middle
ear are :

—

(1) Staphylococcus pyogenes albus et aureus; (2) streptococcus pyo-

genes; (3) pneumococcus (Fraenkel); (4) pneumo-bacillus (Friedlander)

;

(5) bacillus tuberculosis. Further remarks regarding the relative frequency

and importance of these micro-organisms will be found on page 123.

Other organisms, e.g. bacillus tenuis, bacillus pyocyaneus, staphylo-

coccus cereus albus, etc., have also been discovered in discharge from the

middle ear, but do not appear to have the same causal relation as those

previously mentioned.

Pathology.—In the initial stages of acute suppurative middle ear

catarrh the characteristic features are distension of the tympanic blood-

vessels with outpouring of secretion, and subsequent extravasation of

leucocytes, partly into the cavity of the middle ear, and partly into the

substance of its mucous membrane. In mild cases large quantities of

mucus are exuded into the middle ear. In children the exudation may
be mainly serous fluid.

As the inflammatory process becomes chronic this small round-celled

infiltration results in the formation of young connective tissue, with con-

sequent interstitial thickening of the tympanic mucous membrane. Accom-
panying these changes in the deeper layers of the mucosa, the epithelial

covering becomes detached, leading either to areas of ulceration, or to the

production of cedematous buds of succulent granulation tissue. As the

ulcerative process extends, the underlying bone becomes exposed, and
ultimately either carious or necrotic. In certain cases small hyperostoses
result. Almost every case of chronic suppurative catarrh is accompanied
by perforation of the membrana tympani, through which the secretion
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from the middle ear escapes into the external auditory meatus. The
irritation caused by this outflowing secretion leads to a piling up of

epithelial cells upon the margins of the perforation, so that in genuinely
chronic disease the edges present a pale, callous, and indurated appeal

Through the open perforation the succulent mucosa is to be seen at times

so lax and flabby as to protrude into the external auditory meatus.

As a result of this chronic inflammatory process adhesions may take

place either between the membrane itself and the mucosa covering the

pars promontoria, or between the individual ossicles binding them together,

and so interfering seriously with the transmission of sound waves. Or
again the inflammatory process may spread to the labyrinth, producing a
transient hypersemia, or in more severe cases an attack of purulent laby-

rinthitis, ending in complete destruction of hearing (panotiti- I.

In certain cases a general atrophy of the mucosa ensues, characterised

by a thinning of the membrana tympani, and a disappearance of the

normal elements of the mucous membrane. Accompanying these changes
within the middle ear are changes of an almost similar nature in the mucosa
lining the Eustachian tube, e.g. swelling and oedema, enlargement of the

mucous glands, shedding of the epithelial lining, etc. As a result con-

siderable stenosis of the tube may ensue.

Symptomatology.—Subjective Symptoms.— Pain, which is usually such
a prominent feature in acute attacks, is usually absent in chronic cases, or

occurs only as the precursor of some serious complication, or as the result

of tension due to obstructed outflow of secretion from blockage of the

perforation by masses of granulation tissue, polypi, sequestra, stenosis of

the meatus, etc. Acute pyogenic attacks grafted \\\»m a chronic basis

occur from such causes as exposure to cold, the entrance of water into the
ear, etc., and are accompanied by pain of greater or less severity. In
chronic cases, when dull, deep-seated pain is complained of in the head, a
suspicion of the involvement of the meninges, the cerebral or cerebellar

hemispheres, or of the great venous sinuses should be entertained.

In chronic cases when extension to the mastoid process takes place

pain becomes a prominent symptom. In debilitated and anaemic subjects

pain referable to the branches of the fifth nerve is frequently complained
of, and calls for treatment upon general principles.

Impairment of hearing.—The degree of impairment of hearing in

chronic cases varies within wide limits. Thus it may be nearly normal in

one case, and almost destroyed in another. The size of the perforation

appears to bear little if any relation to the existing degree of deafness.

Thus cases occur where with almost complete destruction of the membrane
a large percentage of hearing power is retained, and others where the

hearing power is almost gone, even when a minute perforation exists.

In cases where the perforation is situated in Shrapnell's membrane,
the hearing power may be practically unaffected. The presence of a
perforated membrane contributes probably only to a small extent to the

existing degree of deafness. Other factors which play an almost more
important role are :

—

(1) The presence of secretion in the middle ear, preventing transmission

of sound waves, and hampering the action of the ossicula auditus.

(2) Adhesions between the membrane and the adjacent walls of the

middle ear, between the ossicula themselves, or between the foot plate of

the stapes and the margins of the fenestra ovalis.

(3) The presence of an unduly cedematous or granular mucous membrane
lining the cavum tympani.
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(4) Loss or partial destruction of one or more ossicles, leading to a want
of continuity in the ossicular chain.

(5) Secondary implication of the labyrinth.

Tinnitus.—Subjective noises are not frequent in chronic suppurative

catarrh with perforation. When they do occur, they are usually due either

to adhesion or to indrawing of the ossicular chain, to the pressure of pent-

up secretion upon the fenestra?, or to an accompanying affection of the

labyrinth.

Vertigo is also, not as a rule, complained of, and when present is due to

the same causes as are responsible for the production of tinnitus.

Disturbances of taste and smell, especially of the former, are frequent,

and are due to injury to the chorda tympani nerve in its passage through

the middle ear, and to the occasional passage of putrid secretion along the

Eustachian tube into the pharynx.

Objective appearances.—The most important indication of chronic suppu-

rative middle ear disease is the presence of a discharge. This discharge

may be so abundant as to flow from the external auditory meatus, or may
exist in such small quantities as merely to form a film over the remains of

the membrana tympani. Its consistence, likewise, varies from a thick

creamy pus to a thin ichorous and irritating fluid. At times it is mixed
with much mucus, and is consequently tenacious and stringy ; at other times

it is blood-stained, especially when granulations or polypi are present.

Frequently it has a peculiarly offensive odour, when secondary caries or

necrosis coexists. At times it has a bluish colour imparted to it by the

presence of the bacillus pyocyaneus ; at other times a greenish colour, from
the presence of the bacillus fluorescens. It may contain numbers of white,

glistening epithelial cells, where cholesteatomatous masses are present in

the atticus or the mastoid antrum, and in cases of caries of the surrounding

bony walls may be mixed with spicules of disintegrating bone.

Perforation of membrane.—Upon examination, the membrane will be
found to be perforated. Usually only one perforation exists ; at times two,

and occasionally even three, are to be seen.

The site of the perforation varies much. Most frequently it is situated

in the lower segment of the membrane, but may be found in any part.

When situated in Shrapnell's membrane, it is associated with suppurative

disease of the recessus epitympanicus ; and when in the posterior part of

Shrapnell's membrane, it is said by some authorities to be an indication of

suppurative inflammation of the lining membrane of the mastoid antrum.
The size of the perforation varies within wide limits. It may be so

small as to be discernible with difficulty, at other times it may practically

involve the whole of the membrane. However large the perforation may
be, it is rare to find the membrane absolutely destroyed. Usually a small

ring around the area of its attachment is left. That portion of the membrane
above the level of the short process of the malleus is also usually preserved.

The condition of the edges of the perforation gives in a rough way some
idea of the duration of the suppurative process. Thus, in comparatively
recent cases, the edges have a fairly vascular pinkish appearance, whereas
in genuinely chronic cases they present a thick, indurated, and irregular

whitish outline. In exceptional cases the membrane may be imperforate,

the discharge escaping through fistulous tracts in the postero-superior meatal
wall communicating with adjacent mastoid cells or by way of the Eustachian
tube.

The diagnosis of the existence of a perforation is usually made by inspec-

tion of the membrane under suitable illumination. In certain cases a
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pulsating spot will be noted, an almost sure sign of the presence of a

perforation. By means of a Siegle's pneumatic speculum it is possible to

draw secretion from the cavity of the middle ear through the perforation.

If imperforate, suction by means of this speculum causes a movement of the

whole membrane, whereas if perforated, suction produces no movement
whatever. Again, by means of the Valsalvan experiment, inflation with

Politzer's bag or the Eustachian catheter, secretion can be blown from tin-

middle ear through the perforation, or in cases of a dry condition of flu-

middle ear various sounds will be heard as air blown into the middle ear

emerges through it. Thus, in cases of small perforations, the sound is shrill

and the note high pitched.

PEOGNOSIS.—The question of prognosis has to be considered in reference

to clanger to life, cessation of discharge, and improvement in hearing.1 The
duration of the disease, the particular part of the middle ear which is

implicated, and the underlying cause of the trouble, afford valuable informa-

tion in estimating these probabilities. With regard to the danger to life,

it may be said that so long as suppurative catarrh of the middle ear is

present, so long is the patient liable to the occurrence of various septic

complications, any one of which may prove fatal. Even in comparatively

simple cases severe intracranial complications may suddenly Bupervene. Afl

a general rule, the longer the disease has lasted the greater is the risk of

bone complications, and hence the greater the risk of septic absorption.

Disease within the recessus epitympanicus. especially when accompanied by
the presence of a small perforation, is undoubtedly more prone to be followed

by intracranial complications than when situated within the atrium, and
when a large perforation is present. When the result of scarlet fever,

scarlatinal diphtheria, tuberculosis, or syphilis, the prognosis is not so good
as when it is secondary to catarrhal lesions, naso-pharyngeal disease, etc.

The probabilities of a complete cessation of the discharge are much
greater if the disease be confined to the atrium than when it implicates the

recessus epitympanicus or adjoining mastoid cells. In this latter situation

bone lesions are much more frequently met with, and efficient drainage is

much more difficult to secure. The continuance of foetid discharge, after

prolonged antiseptic treatment, is strong presumptive evidence of the exist-

ence of an accompanying bone lesion. When the discharge is tenacious and
ropy, chronicity is apt to be favoured.

Improvement in hearing may be anticipated in those cases where, after

inflation with Politzer's bag, the range of perception of sound is at once

increased, and especially when it is maintained for some hours, or even

days.

When, however, free inflation of the middle ear produces no effect upon
the hearing power, and when bone conduction is diminished, the probabilities

are that, even if all suppuration be arrested, there will be little or no increase

in audition. Where adhesions bind the membrane to the promontory, ox

the ossicles to one another, their division may be followed by improvement,
and even in cases where there is an accompanying diminution in bone
conduction, which, under such circumstances, is probably due to temporary
increase of intra-labyrinthine tension.

Treatment.—To successfully treat chronic suppurative middle ear

disease the guiding principles should be the obtaining of (1) efficient drain-

age, and (2) surgical cleanliness.

(1) To secure free drainage, small perforations may have to be enlarged,

especially when situated in the upper segments of the membrane. Tufts

1 The relation to " Life Insurance " will be considered under that heading.
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of granulation tissue and polypi demand early removal. Due attention

should also be paid to securing a free action of the Eustachian tube by the

removal of post-nasal adenoids or other post-nasal growths, and by atten-

tion to any morbid condition of the nasal or pharyngeal mucosa likely to

keep up a catarrhal state of the surrounding tissues.

To cleanse the cavity of the middle ear, the following plan may be

adopted with advantage :

—

(1) Inflation of the middle ear.

(2) Syringing of the external meatus with a suitable antiseptic lotion

or with sterilised water.

(3) Suction by means of Siegle's speculum.

(4) Inflation again.

(5) Syringing or drying with an antiseptic wool.

After careful cleansing, one of several methods may be adopted with

the idea of restoring the tympanic mucosa to a healthy state. These

methods are :

—

(1) The employment of fluid remedies in the form of drops or lotions.

(2) The dry method of treatment by means of insufflation of finely

pulverised powders.

(3) The aspiration method by means of gauze tampons.

Fluid remedies, from the fact that they are easy of application, are the

most frequently employed. To ensure their successful action the lotion

introduced into the external meatus (after preliminary cleansing) should

be allowed to remain in contact with the tissues for from ten to fifteen

minutes two or three times daily. Such drugs as carbolic acid, resorcin,

sulpho-carbolate of copper or of zinc, alum, nitrate of silver, boracic acid,

acetate of lead, bichloride of mercury, peroxide of hydrogen, etc., may be

used with advantage. So long as a perforation is open, it is advisable to

keep a film of antiseptic wool or gauze in the meatus, to prevent aerial

contamination of the part, to ward off cold, and to assist in drainage.

The insufflation of powders (boric acid, iodoform, europhen, aristol,

etc.) is useful in cases where the perforation is large and where the amount
of discharge is small. After careful cleansing and drying of the part, the

powder should be insufflated by means of one of the many insufflators in

use for such a purpose, and should be repeated at least once in every

twenty-four hours until the discharge has practically ceased.

Where small perforations exist, or where the discharge is copious, this

method of treatment is contra-indicated.

The employment of gauze tampons acts admirably in many cases.

When a strip of such a gauze as iodoform or double cyanide is carefully

packed into the external meatus and so clown upon the perforated

membrane, the capillary action of its fine fibrils sucks up discharge from
the middle ear and so acts as a continuous drain, besides protecting the

parts from aerial contamination—a most important property. Such gauze

tampons should be introduced as often as they get soaked. They are most
suitable in cases where the amount of discharge is not very copious, and
are unsuitable in acute cases and cases where there is an accompanying
otitis externa.

Complications of Chronic Suppurative Middle Ear Disease

Granulations.—These are hyperplastic growths resulting from an over-

growth of the tissues of the tympanic mucosa, the result of long-continued

congestion. They vary in size from minute excrescences to masses which
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block up the middle ear, protrude through the perforated membrane, and

conceal the edges of the perforation in whole or in part, and are frequently

associated with an underlying carious condition of some portion of the

tympanic parietes. When hanging from the tegmen tympani they must

be carefully distinguished from granulation tissue masses attached to the

dura mater and projecting into the cavity of the middle ear through

carious defects in its bony roof.

Polypi result also from long-continued irritation, the consequence of

chronic congestion or suppurative inflammation of the tympanic mucosa.

They may be classified as follows :

—

(1) Mucous; (2) fibrous; (3) myxomatous; (4) angiomatous; (5)

malignant.

(1) The mucous variety is by far the commonest form of polypus met

with. In size such growths vary immensely, being at times quite small and

nodular, at other times occupying the whole of the external auditory

meatus, concealing the membrane entirely from view, and even projecting

externally. Microscopically they consist of numerous small round cells,

connective tissue fibres, thin-walled blood-vessels, and glands. Towards its

point of origin the polypus is covered by columnar ciliated epithelium, but

towards the surface these columnar ciliated cells are replaced by a

stratified epithelial layer. Polypi may be attached to the parietes of the

middle ear by one or two roots, and usually spring from either the

posterior or the internal wall. At times they arise from the edges of a

perforation or from the surface of the membrana tympani itself. Occasion-

ally they arise from the lining membrane of the antrum or mastoid cells,

anil more rarely still from the walls of the external auditory meatus, in

which latter case they result from an otitis externa of the pars ossea.

(2) Fibrous polypi are much less frequently met with, and consist i if dense

layers of fibrous tissue covered by tessellated epithelial cells. Ramifying

through the fibrous strands are small blood-vessels. They originate from

the periosteum lining the tympanic cavity or from that of the external

auditory meatus.

(.
,;

>) Myxomatous polypi are distinctly rare and have the structure of

gelatinous mucous tissue.

(4) Angiomatous polypi consist of a dense interweaving of blood-vessels

supported by a framework of fibrous tissue covered by stratified epithelium.

They are consequently very vascular and bleed freely when removed.

(5) Malignant polypi may be either of a carcinomatous or sarcomatous

structure. If the former, they may result as the outcome of prolonged

suppurative middle ear disease. They are characterised by a marked

tendency to sloughing and to spontaneous haemorrhage. They also rapidly

invade adjoining bony structures, producing very extensive destruction of

tissue.

Sarcomatous polypi may originate within the middle ear, and when

appearing externally may present all the appearances of benign growths.

Their rapid recurrence after removal and their tendency to spontaneous

haemorrhage should excite suspicion as to their real nature. At times they

arise from the fibrous sheath of the auditory nerve or from the fibrous

stroma of the dura mater and invade the middle ear in their progress to

the surface.

In the treatment of benign aural polypi the primary indication is to

treat the inflamed surface from which they originate. When small, soft,

and cedematous, their further progress may be checked by the local applica-

tion of astringent or caustic preparations. Such drugs as perchloride of
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iron, nitrate of silver, chromic acid, or trichloracetic acid may be employed

with advantage, the drug being either fused to the end of a suitable aural

probe or applied in solution upon the end of a cotton-armed probe. To

expedite tneir destruction it is often advantageous to crush them with an

aural crush forceps, or nip as much of the growth away as possible with a

suitable forceps and then to apply some caustic drug to the so-called root

or base. When sufficiently large, it is advisable to remove as much of the

growth as possible by means of a suitable aural snare, the loop being made
to grasp the pedicle as near to its base as possible. Hemorrhage, which is

at first fairly profuse, is readily controlled by means of warm syringing or

by tampons of some antiseptic gauze. Repeated applications of caustic,

e.g. chromic acid, should be made to the base of the growth until its dis-

appearance has been assured. Astringent lotions, especially when contain-

ing rectified spirits, are valuable adjuncts in the subsequent treatment of

the case, acting as they do by dehydrating the tissues and causing the

coagulation of their albuminous elements.

The treatment of malignant polypi is unfortunately far from satisfactory.

Occasionally sarcomatous growths originating within the cavity of the

middle ear have been successfully eradicated. The tendency, however, of

carcinomatous growths to invade the neighbouring bony structures makes

operative interference very undesirable.

Caries and Necrosis.—As the result of prolonged suppurative inflamma-

tion of the mucous membrane lining the tympanic cavity, or as the result

of inflammation of the periosteum covering the mastoid process, caries or

necrosis of the surrounding bony parietes may ensue. Usually these

affections of the bone commence in early life, and are frequently associated

with an underlying tuberculous process. Large portions of the temporal

bone may become necrotic and may be exfoliated. Thus sequestra contain-

ing the whole or part of the cochlea, the annulus tympanicus, or posterior

wall of the mastoid process are by no means infrequently met with in cases

of protracted suppurative catarrh.

In the mastoid region fistulous tracts may lead to the interior of the

mastoid cells, or may lead from the posterior wall of the antrum into the

groove for the sigmoid sinus. The surrounding bone is commonly dis-

coloured and softened. The bony walls of the aqueductus Fallopii are prone

to be affected, leading to exposure of the facial nerve and consequent facial

paralysis. In cases of attic suppuration the outer wall of the recessus

epitympanicus is frequently softened and eroded. The ossicles, more

especially the malleus and the incus, are also frequently found to be

carious, and in severe cases of middle ear suppuration are prone to become

spontaneously exfoliated. In tuberculous cases, the whole of the interior of

the mastoid process may become broken down, softened, and carious, a

mere shell of bone remaining. The inner wall of the middle ear (the pars

promontoria) is also frequently implicated, leading to exposure of the

contents of the internal ear. The posterior wall of the external auditory

meatus may also become affected, in which case its cutaneous covering

becomes swollen and infiltrated. Springing from its carious surface are

small masses of exuberant granulation tissue.

The indications of caries and necrosis are subjective and objective.

Pain may be present, and if so, is usually deep-seated and of a peculiar

boring nature. Complete loss of hearing may result in those cases where

the structures of the internal ear have become secondarily affected.

Vertiginous symptoms and tinnitus are also frequent under similar

circumstances.
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The main objective indication is the fact that the carious or necrotic

bone may be seen or felt with a probe. The presence also of

exuberant granulation tissue masses of a vascular nature and showing a

marked tendency to recurrence after removal is of itself strong presump-
tive evidence of an underlying carious lesion. The periauricular glands also

become enlarged at an early period, especially in tuberculous cases.

The accompanying discharge from the middle ear has also, as a rule, a

peculiarly offensive odour, and may contain spicules of bone, which may be

felt with the fingers. It is also at times blood-stained, even when no
granulation tissue is apparent.

Suppurative Disease of the Recessus Epitympanicus (Attic)

Suppuration in this region is held by some to be merely an extension

of a generalised purulent inflammation of the cavum tympani, by others to

be secondary to a primary inflammation of the mucosa lining the ma
antrum or to the extension of such morbid processes as eczema or furun-

culosis of the external auditory meatus. (See diagram, p. 83.

1

Whatever its actual aetiology may be, the fact remains that disease in

this situation is peculiarly intractable to ordinary methods of treatment.

The numerous folds of mucous membrane which exist in the atticus tend

to prevent the free escape of pus, whilst the frequent shutting off of this

region from the general cavity of the middle ear as the result of inflam-

matory adhesions explains the uselessness of attempting to wash out the

part per tubam, The fact also that the accompanying perforation of

ShrapnelTs membrane is situated high up upon the surface of the

membrane, and is also frequently very small, serves to explain the

difficulties which attend the free escape of pus from the part. The head
of the malleus and the body of the incus, being thus constantly bathed in

purulent exudation, are prone to undergo carious degeneration. The
adjacent bony parietes also frequently become affected, exfoliation of

portions of the annulus tympanicus or outer wall of the attic occasionally

taking place.

Perforations of the anterior part of the membrana flaccida are most
likely to be associated with a morbid condition of the nose, the Eustachian
tube, or the tympanic cavity ; central perforations with disease of the

external auditory meatus, and perforations in the posterior segment of the

membrane with disease of the mastoid antrum.
Symptoms of Attic Disease.—The objective appearances consist in the

presence of a perforation (usually small) in either the anterior or posterior

segment of Shrapnell's membrane, purulent secretion oozing from the part,

and in the frequent presence of caries of the head of the malleus and body
of the incus or of the adjacent parietes, at times visible to the eye but more
frequently to be detected by means of a delicate probe. Buds of granulation

tissue are also frequently to be seen protruding through the perforation into

the external meatus, and are usually found to be springing from carious foci.

Subjective Symptoms.—Pain is frequently present, especially when
retention of secretion takes place from blocking of the perforation by buds
of granulation tissue, cholesteatomatous masses, small sequestra, etc.

Tinnitus and vertigo may also be complained of, and result from increased

labyrinthine tension due to pressure of inflammatory products upon the

foot plate of the stapes or to a secondary congestion of the labyrinth.

Treatment.—In order to efficiently cleanse the recessus epitympanicus
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some form of intratympanic syringe (Hartmann, Pritchard, Milligan) should

be used, the end of the syringe being passed well into the attic under
illumination. After thorough cleansing various medicaments may be in-

jected into the part by means of specially constructed intratympanic

cannulse (Blake, Milligan).

Where the accompanying perforation is very small it may be enlarged

with advantage. Insufflation of antiseptic powders (Bezold, Gomperz),

tamponading (Gruber), and resection of the outer wall of the attic (Politzer,

Schwartze) by means of specially constructed forceps have been recommended
by various authorities.

The ossicula auditus, if carious (and where local applications after a

reasonable trial have failed to arrest purulency), should be excised. By the

performance of ossiculectomy not only are definite carious foci removed but

improved drainage is effected and better access obtained for subsequent

local medication. After thorough cleansing of the meatus and the instilla-

tion of a strong solution of cocaine, the patient being under the influence

of a general anaesthetic, the membrane, or its remains, is detached by means
of a circular incision. The tendon of the tensor tympani, if still intact, is

now divided close to its insertion into the bony process of the malleus, after

which its superior ligament is also divided by a fine knife. By means of a

delicate incus hook (Kretschmann, Politzer) the incus is brought down and
the incudo-stapedial attachment separated, when with a fine snare or with

a strong pair of angular forceps the two ossicles are removed. In cases

where the incus has already disappeared as the result of prolonged suppur-

ative inflammation of the tympanic mucosa, the malleus may be readily

excised by means of Delstanche's extracteur du marteau.

As a rule the stapes, even in cases of long-continued suppurative disease

of the middle ear, retains its vitality. This is to be explained from the fact

that it receives nourishment from two sets of blood-vessels—labyrinthine

and tympanic—whilst the malleus and incus are dependent upon one set

only, viz. the tympanic. Its removal has, however, been recommended
under certain circumstances by Kessel, and several American confreres,

notably Jack of Boston, have recorded surprisingly good results following

its excision.

When parietal caries coexists careful curettement by means of delicate

spoons or curettes (Lake) may be attempted. The results of excision of the

ossicula are in many cases highly satisfactory, vertiginous symptoms being

often entirely relieved and purulency arrested. In those cases, however,

where purulency continues unabated, the indication is that deep-seated

caries coexists, necessitating the performance of a radical mastoid operation.

Deep-seated caries may, however, be very difficult if not impossible to

diagnose with certainty. It may be suspected in those cases of chronic

foetid middle ear suppuration which do not yield to ordinary methods of

treatment; also where tufts of granulation tissue reappear constantly

after removal, and when deep-seated pains are complained of in and around
the middle ear.

POST-SUPPURATIVE SEQUELS

Dry Perforation of the Membrana Tympani.—When purulency has come
to an end, either spontaneously or as the result of efficient treatment, a dry
perforation of the membrana tympani frequently remains. In comparatively
recent cases such perforations have sharply defined, thin, and somewhat
vascular edges ; in cases of old standing the edges present a callous and
indurated appearance from the presence of epithelial proliferation.
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Such open perforations are a constant menace to the integrity of the

.structures within the middle ear and to the life of the individual. Attempts
should therefore be made to induce cicatrisation. In recent cases this

may be effected by stimulation of the edges by the application of such

agencies as nitrate of silver, dilute chromic acid, tincture of iodine, etc. In

genuinely chronic cases the application of trichloracetic acid (Okouneff)

will be found most efficacious, acting as it does by removing all dry and
indurated epidermis.

Berthold's myringo-plastic method may also be tried.

Multiple incisions across and at right angles to the edges of the per-

foration, or a circumferential incision, will be found capable at times of

starting a healthy reaction and subsequent cicatrisation.

In addition to such local applications, packing the meatus with some
antiseptic gauze and the maintenance of rest to the organ will be found

to assist the process of repair.

When cicatrisation of the membrana fcympani cannot be secured, and

where there is a marked defect in hearing power, the employment of an

artificial drum frequently yields excellent results. No data are, however,

forthcoming to indicate the cases in which its employment is likely to be

attended with success. The membranes most in use are those suggested by

Toynbee and Yearsley. Of the two the latter will be found to give the

best results in the majority of cases, and its employment, if reasonable care

be used, is unattended with risk. Artificial membranes should be used only

in those cases where suppuration has actually ceased or where it is present

in very small quantities. Yearsley's cotton pads are made by rolling pieces

of absorbent wool into small balls or cylinders, which, when moistened with

some antiseptic fluid, should be introduced under illumination by means of

a delicate pair of forceps and placed against the remains of the membrane,
so as to exert slight pressure upon the head of the stapes or head of the

malleus. At first they should be worn for a few hours, the period being

gradually prolonged until they are borne with impunity. They should,

however, be removed at night and replaced the following morning. It is

often advisable to intermit their use for a few days, and it is remarkable

that in many cases after such a period of rest the hearing power afterwards

is considerably better than before. In cases where they cause marked
irritation and a recrudescence of the suppurative process their use should

be interdicted. The patient, after having been shown the method of intro-

ducing and of placing the artificial drum in situ, rapidly acquires an

astonishing dexterity in its manipulation.

In a certain number of cases the cicatricial portion of the membrana
tympani will be found to be unduly lax, and as a result not only will

audition be interfered with but the constant movement of the cicatrix

proves a source of annoyance to the patient. To relieve this, incisions into

the cicatrix, or the collodion plan of treatment, by means of which the lax

cicatrix is held in position by a film of collodion, may be employed.

Adhesions.—As the result of chronic suppuration of the tympanic mucosa
adhesions may form between the remains of the membrana tympani or a

cicatrised membrane and the inner wall of the middle ear, between the

ossicula themselves or between the ossicula and the adjacent tympanic

parietes, or between the foot plate of the stapes and the margins of the

fenestra ovalis. Varying degress of deafness, tinnitus, and vertigo may
consequently result.

In recent cases such adhesions may be broken down or considerably

stretched by means of the air douche, Siegle's speculum, or Delstanche's
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masseur. Lucae's probe, by exerting an intermittent pressure upon the

ossicular chain and by producing passive movements, is at times useful,

although few patients will tolerate its continuous employment. When
practicable, division of cicatricial bands or excision of adherent cicatrices by
means of suitable instruments may be tried. Mobilisation of the stapes or

trephining of the foot plate of the stapes has been said to produce good

results in certain cases. Excision of the malleus and incus or of either

when embedded in scar tissue or when so adherent to one another or to the

adjacent walls of the middle ear as to be practically functionless is un-

doubtedly a reasonable procedure and worthy of trial.

In all such intratympanic operations strict antisepsis should be observed.

Calcareous deposits upon the membrane are frequently found in post-

suppurative affections of the middle ear. Such deposits may occur upon
any part of the membrane. A by no means unusual appearance consists in

the presence of two semilunar patches of a white or yellowish white colour

with sharply defined edges, one in front of and one behind the manubrium
mallei. Occasionally the whole membrana tensa undergoes calcareous

degeneration.

Hyperostosis.—As a result of long-continued suppurative middle ear

disease the lumen of the external auditory meatus may become stenosed

from hyperostotic thickening of its bony walls. The accompanying stenosis

may be so great as to seriously impede the free escape of pus from the

middle ear and consequently to jeopardise the life of the patient.

Treatment.—Attempts may be made to dilate the meatus by means of

the introduction of laminaria tents or cylinders of wool soaked in alcoholic

solutions of boracic acid, acetate of lead, etc. In severe cases, and where
evidences of retention are present, the mastoid antrum should be opened and
the posterior wall of the external meatus chiselled away.

Facial paralysis may result either from a parenchymatous neuritis of

the facial nerve (without interstitial changes) secondary to disease within

the tympanic cavity, or may be induced by a carious condition of the bony
walls of the aqueductus Fallopii. If the paralysis is due to disease within the

middle ear the muscles of the corresponding side of the face become para-

lysed ; if however, due to central disease, the facial muscles upon the side

opposite to the existing ear lesion are the ones implicated. Occasionally

bilateral facial paralysis is met with. In tuberculous disease of the middle

ear facial paralysis is a frequent and an early symptom.
The indications of facial paralysis are a partial or complete inability to

close the eyelids and a general want of expression (best seen during facial

movements) upon the affected side of the face. There is also a marked
drawing of the mouth to the opposite side and an inability to whistle.

Occasionally the uvula is deflected towards the paralysed side. "When the

stapedius muscle is paralysed there may be an increase of hearing, and
subjective noises are at times complained of. Should the paralysis be of a

permanent nature atrophy of the facial muscles and even of the facial bones
may take place. Ulceration of the cornea is also an occasional result.

Treatment consists in dealing with the primary cause as energetically

as possible. To keep up the tonus of the facial muscles massage or the

application of the galvanic current may be employed. Hypodermic injections

of strychnia or its internal administration are occasionally useful. Iodide
of potassium, especially in cases with an underlying syphilitic basis, may be
given. The frequently repeated application of blistering fluid over the

mastoid process is occasionally beneficial.
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Diseases of the Mastoid Proi i

Anatomy of Mastoid Process.—Tin- shape, size, and form of the mas
process vary greatly in different individuals and at different periods of life.

The external conformation of the process affords no clue as to its inl

structure, which may be wholly pneumatic, diploetic, or pneumo-diploetie.

At birth the mastoid antrum is about as large as a pea, and is lined by
mucous membrane continuous with that of the middle ear. The various

groups of mastoid cells become developed subsequently around the antral

cavity. According bo Cheatle, the name "mastoid antrum" i- a misnomer,

the antrum being really a portion of the middle ear. Hence it should be

called " tympanic antrum " (see p. 83).

The antrum itself is a bean-shaped cavity, [ts roof is formed by the

begmen tympani Its floor runs downwards and backwards into the

mastoid process. Anteriorly it communicates with the attico-tympanic

cavity. Its walls an- perforated by the minute openings of the surrounding

mastoid cells.

Mastoid PERU iSTTTIS may ensue cither as the result of the inflamm

process spreading from the middle ear along the fibrous trabecule which
connect the tympanic mucosa with the periosteum of the external auditory

meatus, ami so with that covering the mastoid process, or from an extension

along connective tissue strands of the fibrous sheaths of small blood-vi

which run between the periosteum covering the bone and the mucosa lining

the mastoid cells. In children the presence of the unossified |

mastoid fissure probably facilitates the spread of a deep-seated inflammatory

process to the surface. Pathogenic organisms are thus readily conveyed from

deep-seated foci of sepsis to the periosteum covering the mastoid

In this connection it is important to hear in mind the la;_ : the

mastoid emissary vein in children. aionally occur in wlii

abscess outside the skull and over the exit of this vein directly results from

extension from the interior. Such cases may present difficulties in diagnosis,

and their true nature may only be revealed on operation.

Symptoms.—The initial symptom, as a ride, complained of is pain, at

first local, and situated just behind the attachment of the auricle, but soon

becoming general over the corresponding side of the head. It is always

increased by pressure. Redness, swelling, and oedema of the superimposed

tissues soon follow, with the result that the ear gets displaced downwards,

forwards, and outwards, and, in cases where the oedema is very marked,

appears to staud out prominently from the side of the head. This drooping

of the auricle is specially noticeable when the patient is examined from

behind. At times the oedema becomes so extensive as to extend forwards

over the face, producing chemosis of the lower eyelid, or spreads upwards

over the surface of the scalp.

Commensurate with the amount of suppuration under the periosteum

is the degree of pain and general discomfort of the patient, who exhibits a

marked rise of temperature, a rapid pulse, and the ordinary symptoms of

febrile reaction.

Such attacks of periostitis may abort without pus formation, but usually

an abscess of varying size forms under the periosteum, and as it increases

strips it from the bone over considerable areas. The denseness of the

superficial tissues retards spontaneous evacuation, which, however, may take

place either behind the ear or through the postero-superior wall of the

external auditory meatus.

In the early stages of the affection a brisk purgative should be given,
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the patient being kept within doors and in a warm room. Cold applications,

such as iced-cloths, horse-shoe-shaped ice caps, or Leiter's continuous cold

coil, may be applied behind the ear with advantage.

The local abstraction of blood by means of leeches, or Heurteloup's

artificial leech, by diminishing congestion, may bring about resolution.

Irritating applications such as aconite, iodine, etc., should be avoided as

only tending to mask symptoms. "Where pus has formed, and even

where it has not, but where the tissues are tense and infiltrated, great

relief is afforded by incision. The requisite incision, Wilde's incision,

should be made parallel to and £ inch behind the attachment of the

auricle, and from above downwards for a distance of from f inch

to 1 inch. It should be made down to the bone throughout its

entire length. It may be necessary to ligate the posterior auricular

artery, from which hemorrhage is usually free, but a fair amount of

depletion is to be encouraged as tending to diminish local congestion.

Where pointing takes place towards the external auditory meatus its

postero-superior wall should be freely incised. The lips of the incision thus

made should be kept apart for a few days by means of an antiseptic dress-

ing, after which they may be brought together, provided no other symptoms
contraindicate closure. In cases where mastoid periostitis is secondary to

acute inflammation within the mastoid cells, and where symptoms do not

subside within forty-eight hours, an opening into the bone should be made.

Again, when mastoid periostitis is complicated with a fistula leading to

carious bone within the process, suitable treatment must be followed out,

e.g. enlarging the fistula and scraping away all available disease, or the

performance of a radical mastoid operation.

The effect upon the inflammatory process within the middle ear after

freely incising the infiltrated tissues over the mastoid process is remarkable.

Suppuration, which had previously been abundant, rapidly subsides, with, as

a rule, early cicatrisation of the existing perforation.

Suppurative Endomastoiditis.—Pathogenic infection of the mucosa
lining the mastoid cells exists probably to a greater or less degree in all cases

of acute suppurative inflammation of the middle ear. It is only, however,

when retention of the inflammatory products within the mastoid antrum or

mastoid cells takes place that urgent symptoms arise. Considering the

narrowness of the iter ad antrum, it is remarkable how seldom such re-

tention does take place in acute cases. When, however, the lining mem-
brane of the walls of the iter become so congested and oedematous as to

produce stenosis of the passage, retention of inflammatory products is

favoured. Symptoms pointing to such retention are severe pain over the

area of the mastoid antrum or infected mastoid cells, increased upon
pressure and upon percussion. At times oedema of the superimposed soft

tissues takes place, but by no means necessarily. With increasing tension

within the mastoid area the temperature rises, and may range from 98° F.

to 103° F. or even more. At the same time other ordinary febrile symptoms
are present, e.g. rapid pulse, furred tongue, headache, etc.

Upon examination the membrane will in such cases be seen to be

swollen, congested, and with its landmarks obliterated. The perforation

may be seen to pulsate, and when secretion has been carefully syringed

away it will soon be seen to re-collect, indicating that some reservoir exists

from which a constant overflow is oozing or flowing away. In addition,

the posterior-superior wall near its attachment to the membrane will be

seen to be prolapsed—the dip—an almost pathognomonic sign of involve-

ment of the mastoid cells.

vol. in 10
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In cases where enlargement of the existing perforation, antiseptic

douching, and the local abstraction of blood fail to relieve pain, and where

the temperature keeps rising or refuses to fall, opening and drainage of the

mastoid cells should be undertaken.

Preparation of the Patient.—All hair in the immediate neighbourhood of the

ear should be shaved, after which the skin should be washed with soap and water

and rubbed with ether (so as to get rid of all fatty particles), and then carefully

carbolised. The head should then be wrapped in a carbolic towel, which should

be worn for some hours previous to operation.

Method of Operation (Schwartze's Ojieration).—When the patient is fully under
the influence of an anaesthetic an incision should be made (Wilde's incision)

parallel to and a quarter of an inch behind the attachment of the auricle from the

linea temporalis to the mastoid apex, and down to the bone throughout its entire

length. All bleeding points should be ligated at once, after which, with a

raspatory, the periosteum is raised from the bone as far forwards as the posterior

border of the bony meatus. The tissues are now held forwards by means of a
broad retractor, and the surface of the mastoid process is thus clearly exposed

to view.
The object is to open up the cavity of the mastoid antrum and the adjoining

mastoid cells ; in other words, after having tapped the antrum, to follow up any
path of pathogenic infection which may be discovered.

To map out the topographical relations of the mastoid antrum one of two
methods may conveniently be employed :

—

(1) An imaginary line is drawn parallel to and a quarter of an inch behind the

posterior border of the bony meatus, and another parallel to its superior border.

At the point of intersection of these lines opening of the bone may be commenced,
the general direction of the axis of the proposed opening being downwards and
forwards parallel to the posterior wall of the external auditory meatus.

(2) The Supra - meatai Triangle.—Macewen advises opening the antrum in

the supra-meatal triangle, which is the space formed by the posterior root of the

zygomatic process above, the postero-superior margin of the bony meatus in front,

and a perpendicular line drawn through the posterior edge of the meatus and
joining the lines previously mentioned.

The depth of the antrum from the surface varies greatly, not only in different

skulls, but also at different ages and at different stages of the disease. It may be

taken, however, as a good practical rule that no exploratory opening should be

made to a depth of more than three quarters of an inch for fear of wounding the

external semicircular canal or the facial nerve.

Nowadays either the gouge or the burr driven by a dental engine or an
electro-motor is used to lay bare the antrum and adjoining cells. Macewen, the

great advocate of the burr, says that by its use safety is ensured, jarring of the

intracranial contents is avoided, and a perfectly smooth surface is secured in

which the orifices of any fistulous tracts are readily detectable.

With the gouge worked either by the hand or by means of a mallet, layer after

layer of bone is removed, a good view of the operation field being thus always
obtainable.

Whichever instrument is used good illumination of the field is absolutely

requisite, and may be obtained by reflected light from a limelight apparatus or

an electric lamp.
It is important to remember that the middle fossa may be found unduly low,

that the knee of the lateral sinus may come nearer to the posterior wall of the

external auditory meatus than is usual, and that its position may be very

superficial in order to emphasise the necessity of care in all manipulations.

During the removal of the various layers of bone frequent recourse should be

made to examination with a pointed probe to ascertain the extent and the size of

the various cells which may be opened. When once the antrum has been tapped
its extent and depth may readily be gauged by means of the antrum hook. All

overhanging bone must now be gouged or burred awTay, all infected cells opened

up, and a cone-shaped cavity formed, with its base superficial.

In cases of acute antral empyema it is neither necessary nor advisable to open

up the cavity of the middle ear. The cone-shaped cavity produced as above

described should be carefully dried (all syringing being avoided), dusted with some
antiseptic powder, and packed loosely with an antiseptic gauze. Healing by
means of granulation tissue ab imo should be encouraged, and in uncomplicated

cases takes place within a few weeks.
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Chronic Suppurative Endomastoiditts.— Suppurative disease arising

within the middle ear is prone to extend to the mucosa lining the antrum
mastoideum and the adjacent mastoid cells. Owing to the complicated
arrangement of these cells the free egress of pus is frequently interfered

with and chronicity is favoured. Pathogenic organisms also find a suitable

habitat within these recesses, and consequently thrive luxuriantly. The
mucosa of the part, serving as it does the function of a periosteal lining,

tends to undergo ulcerative changes. The underlying bone thus becomes
denuded and loses its vitality. Caries, necrosis, or cario-necrosis consequently
frequently result. In this way large portions of the temporal bone may
exfoliate. The most frequent sites for such cario-necrotic processes are the
outer wall of the mastoid, the posterior wall of the external osseous meatus,
the bony groove for the sigmoid sinus, the roof of the middle ear, the roof of

the mastoid antrum, the pars promontoria, and the bony capsule of the
facial nerve. The osseous partitions separating the various mastoid cells

from one another become gradually disintegrated, with the result that
cavities of varying size form within the mastoid process full of purulent
debris, granulation tissue, and cholesteatomatous material. In other cases,

however, instead of a rarefying osteitis taking place, a condensing osteitis

may ensue, with the result that the individual mastoid cells become
obliterated, a mass of dense ivory-like bone being formed.

The subjective symptoms of the presence of caries or necrosis within the
mastoid process are comparatively unimportant. Occasionally pain may be
complained of, especially when an acute pathogenic infection is grafted upon
an already existing chronic process, or where as the result of osseous

erosion some intracranial complication is set up. As a result of the presence
of a sequestrum, or as the result of the presence of caries of the labyrinthine

walls, tinnitus and vertigo may be complained of.

The objective appearances are, however, very important, and consist in

the presence of (1) a more or less copious discharge, usually very foetid,

occasionally blood-stained, and frequently containing small spicules of

disintegrated bone
; (2) granulation tissue masses, which when removed

are prone to recur
; (3) enlarged peri-auricular lymphatic glands ; and (4) the

frequent presence of facial paralysis.

A diagnosis of deep-seated caries or necrosis may be made by ocular

inspection or by palpation with a suitable probe. Occasionally a positive

diagnosis is impossible, but the presumption is in favour of the existence of

bone disease when in a chronic case continuous antiseptic cleansing of the
part fails to arrest discharge and foetor.

By means of a probe carious foci may be felt. The sensation imparted
is that of roughness, combined with a certain degree of softness. Where
definite sequestra exist they may be felt to be mobile.

Treatment.—Thorough cleansing of the diseased areas is imperative, but
it is not by any means always attainable without recourse to operative
measures. Where the external meatus is stenosed owing to disease of its

posterior wall, with infiltration of the soft tissues, specially fine syringes may
be required for irrigation purposes, or it may be necessary to dilate the
canal by means of cylinders of wool soaked in acetate of lead solution or
rubber tubes of gradually increasing calibre. Tufts of exuberant granula-
tion tissue growing from carious foci should be scraped away so as to allow
of remedial agents acting upon the underlying disease. Sequestra when
sufficiently mobile should be removed by forceps or scoops. The main
indications for opening the mastoid process when affected by chronic
inflammatory disease may be summarised as follows :

—
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(1) In cases where caries of the tympanic walls exists.

(2) When recurring attacks of mastoiditis are present, especially if

complicated by the presence of a mastoid fistula.

(3) When a mastoid fistula is present leading down to carious bone.

(4) In cases of cholesteatomata.

(5) In cases of hyperostotic stenosis of the external auditory meatus.

(6) In cases of obstinate mastoid neuralgia (the removal of a wedge of

bone is usually sufficient in these cases).

(7) In cases of tuberculosis of the middle ear or mastoid process.

(8) In cases of protracted and foetid suppurative inflammation of the

middle ear which have resisted the ordinary methods of local treatment.

This indication has led of late to much serious discussion, many eminent

authorities claiming that protracted suppuration per se is not a sufficient

indication for operation in the absence of urgent symptoms. Professor

Macewen regards the operation of opening the mastoid as the safest and

the most efficient method of eradicating otherwise persistent purulent

otitis media.

(9) In all cases of suspected intracranial suppuration the mastoid

antrum should be opened as the first step in the operation.

The methods of operation most frequently in use are those designed by

Schwartze and Stacke. A combination of the two mentioned known as

the Sehwartze-Stacke operation has been much in vogue of late years, and

has yielded when properly performed very gratifying results.

Preparation of Patient.—By means of a dose of aperient medicine the bowels
are well opened the day prior to the operation.

Preparation of Operation Field.—The hair for several inches round the affected

mastoid should be shaved, the skin well washed with soap and water, rubbed with
turpentine, and finally with sulphuric ether. The external auditory meatus
should be well syringed with warm carbolic lotion (1-20) or corrosive sublimate
solution (1-2000), and packed with iodoform or double cyanide gauze. A pad of

lint soaked in carbolic lotion (1-40) and covered by mackintosh should be fixed

over the head and kept in situ for some hours previous to the operation.

Preparation of Instruments.—All instruments to be used during the operation

should be rendered aseptic by previous boiling, and should be left soaking in

weak carbolic lotion or in a solution of formalin for a few hours prior to being
used.

The hands of the operator and his assistants should be well washed, rubbed
with turpentine, and clipped for a few moments in some warm antiseptic solution.

Position of Patient.—The patient should lie upon a narrow table of a convenient

height, the head reclining upon a firm pillow. Some good source of illumination

should be at hand (e.g. limelight, electric light, etc.), so that by means of a fore-

head mirror the operator may reflect a strong beam of light into the opening in

the bone. Some operators use the mallet and the gouge to open the antrum and the

adjoining cells ; others (Macewen, Ballance) prefer the burr worked by a suitable

motor, claiming that by its use there is no risk of concussion, and that a cavity

with perfectly smooth walls is left behind. Whichever operation be selected, and
by whichever set of instruments the bone be opened, the object to be attained is

to open up the antrum and adjoining mastoid cells, to follow the course of any
pyogenic lesions which may present themselves, opening up if need be the groove
for the lateral sinus, inspecting minutely the roof of the antrum, attic, and middle
ear, and finally establishing an efficient and avascular barrier between the middle
ear and the adjoining vulnerable parts within the cranium.

Schwartze's Operation.—An incision is made parallel to and j of an inch behind
the attachment of the auricle from the linea temporalis to the apex of the mastoid
process. Any bleeding points are to be caught and tied. The periosteum is now
separated from its attachments along the whole length of the incision, and is

drawn forwards until the posterior bony margin of the external meatus is brought
fully into view.

The position of the mastoid antrum is now to be defined (see p. 144). By
means of a gouge and mallet or by means of a rotatory burr the bone is cautiously
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removed, frequent examination being made with a fine probe until the cavity of

the antrum has been reached. Its depth from the surface may vary from £ of an
inch to | of an inch. Once the cavity of the antrum has been reached its

extent can be readily gauged by exploration with an antrum hook. The sur-

rounding bone should now be freely and rapidly cut away until a conical cavity
has been formed with its base uppermost and its main axis parallel to the
posterior wall of the auditory meatus. Adjoining mastoid cells, if diseased, should
be opened and their contents scraped out by means of spoons or curettes. A
stream of some antiseptic fluid should then be driven through the antral cavity,

until it emerges freely from the external auditory meatus.
It may be, and frequently is, necessary to enlarge the passage between the

antrum and the middle ear, so as to secure free drainage. This may be done by
means of small cutting forceps, spoons, or the rotatory burr. Once a perfectly free

communication with the middle ear has been established, a drainage tube should
be placed in the antrum and stitched to the edges of the original incision, which
may now be sewn up.

Subsequent treatment consists in thorough irrigation of the antrum and
middle ear by means of various antiseptic solutions. When all suppuration has
ceased and the parts operated upon have remained dry for from ten days to a
fortnight the tube may be withdrawn.

Owing to the formation of tufts of granulation tissue, free drainage is

occasionally impeded. When such masses form they should be removed either by
means of a sharp spoon, or by the application of caustic. Occasionally the
tendency to their formation is so great that it is advisable to insert a lead plug
into the antral opening instead of a rubber drainage tube, the weight and the
pressure of the spigot materially assisting in checking their formation.

Stacke's Operation.—The incision through the soft parts is the same as in the
Schwartze operation, except that it is carried round the auricle to a point just

above the temporo-maxillary articulation. After all bleeding points have been
secured the periosteum is raised and drawn forward until the bony margin of the
external auditory meatus is in full view. By means of a fine raspatory the carti-

laginous meatus is now raised from its attachments, and along with the auricle

is drawn forwards on to the cheek. In this way the tympanic structures are fully

exposed. The outer wall of the attic is now removed until an antrum hook
introduced into the attic and drawn outwards meets with no obstruction.

_
All

bony prominences should now be carefully bevelled down and diseased ossicles,

granulation tissue tufts, and carious foci successively dealt with.

The auricle and cartilaginous meatus are now replaced, a drainage tube
inserted into the meatus, and the original skin incision carefully sewn up.

The Schwartze-Stacke operation, a combination of the two operations just

described, is the one now most usually performed. After the usual skin incision

and retraction of the soft parts the antrum is opened as above detailed and the
posterior wall of the cartilaginous meatus detached from its bony bed. The
bridge of bone which separates the antrum from the external meatus should now
be cut away, great care being taken whilst removing its deepest portion to avoid
injuring the facial nerve or the external semicircular canal. The antro-tympanic
cavity thus formed should be carefully cleansed, diseased ossicles, remnants of the

membrana tympani, granulation tissue, and carious foci being successfully dealt

with. As in the Stacke operation the subsequent treatment consists in en-

deavouring to secure a permanently dry epithelial lining in the cavities thus
exposed. To attain this end the posterior wall of the cartilaginous meatus is split

longitudinally along its centre up to the concha, where a crucial incision is made.
In this way two quadrilateral flaps are formed, which are pressed against the bony
walls of the antro-tympanic cavity, the one upwards and the other downwards,
and kept in situ by packing introduced per meatum. From the edges of these
skin flaps epidermisation commences, and spreads until the whole cavity becomes
papered with a dry cuticular lining. The original skin incision may be sewn up,
or Gruber's plan of secondary suture may be adopted, by which is meant the
insertion of three or four sutures at the time of operation, and their subsequent
tightening some few days afterwards. Every four or five days fresh packing
should be introduced, great care being taken to completely fill the cavity. Any
tendency to the formation of granulation tissue should be combated by the
application of chromic acid or nitrate of silver.

As a rule from three to four months will elapse before complete epidermisation
takes place.
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Post-Influenzal Suppurative Mastoiditis.—Suppurative middle ear

disease of influenzal origin is characterised by the intensity of the inflam-

matory process, by a tendency to spread to the tissues within the mastoid,

and by rapid destruction of bone. Mastoid empyemata following attacks of

la grippe are most frequently located within the apical cells, the antral

cavity and the adjoining cells enjoying some peculiar immunity. In such

cases pain is apical, and is much aggravated by pressure upon the inner and
anterior aspect of the process.

In the treatment of such subcortical abscesses it is necessary to open
the apical cells freely, to scrape away all softened bone and succulent

granulation tissue, and to connect the antral cavity with this abscess cavity

by means of a gutter-shaped trough. Healing by the formation of healthy

granulation tissue rapidly follows.

Bezold's Mastoiditis.—In certain cases of suppurative endomastoiditis

perforation takes place through the inner surface of the mastoid process,

close to its tip and into the groove of the digastric muscle. Pus
consequently may collect under the deep cervical fascia, giving rise to

infiltration of the cellular tissues of the neck, with formation of a hard

brawny swelling ; or it may pass, guided by processes of the deep cervical

fascia, downwards towards the mediastinum.
Treatment.—Free ablation of the apical mastoid cells is called for in

the first place. A counter opening should also be made in the neck and
thorough drainage established. Such cases often run a peculiarly protracted

course, owing to the practical difficulties encountered in providing efficient

surgical drainage.

Cholesteatoma.— This condition occurs in cases of old -standing

suppurative middle ear disease, and is generally held to residt from an
ingrowth into the tympanic cavity through a perforated membrane of

epithelial cells from the dermic layer of the external auditory meatus.

Virchow, however, regards these epithelial masses as true neoplasms. Such
ingrowing epithelium, mixed with crystals of cholesterine and inspissated

pus, collects in concentrically arranged masses within the tympanum or

mastoid antrum, leading frequently to dilatation of these cavities and at times

to perforation of the surrounding bony parietes. Cholesteatomatous masses
swarm with organisms, and when stirred up into activity by some inter-

current inflammatory process may give rise to most urgent symptoms, e.g.

pain, rise of temperature, etc. As a rule surgical treatment has to be

resorted to, although occasionally, if the masses are small and situated fairly

superficially they may be washed out by means of an intra-tympanic syringe

or dislodged by scoops or curettes. The instillation of rectified spirits may
be used with the idea of dehydrating the mass, and so of starving the

accompanying micro-organisms. Watery solutions should be avoided.

Their marked tendency to recur, and the inherent danger which their

presence gives rise to calls as a rule for surgical treatment. Stacke's

radical mastoid operation may be performed with advantage. Rheinhardt
has suggested after clearing out all diseased mastoid cells and epithelial

masses the maintenance of a permanent mastoid fistula, so that in the event

of any recurrence taking place efficient local treatment may at once be

undertaken. Transplantation of flaps of skin into the cholesteatomatous

cavity after it has been freely laid open has also been suggested.

TUBEECULOUS DISEASE

Tuberculous disease of the middle ear is held by many authorities to
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run a chronic course ab initio. Its presence is characterised by a somewhat
sudden onset, without however any sthenic symptoms, by a painless per-

foration of the membrana tympani, and by an early involvement of the

peri-auricular lymph glands and by the frequent presence of early paralysis

of the facial nerve.

Examination of the membrane, which presents a pale, sodden, and
cedematous appearance, reveals the presence of one or more perforations

with thick, succulent, and avascular edges. The accompanying discharge is

usually thin, semi-purulent, and frequently very foetid. Buds of flabby

granulation tissue protrude through the perforation, and are very frequently

associated with deep-seated caries either of the pars promontoria or of some
portion of the mastoid process.

In all probability the disease may be primary within the middle ear,

infection being conveyed per tubam.

In cases of advanced phthisis, the middle ear occasionally becomes

involved, painless perforation resulting. Such a complication has a bad

prognostic indication.

In such cases careful examination of the discharge should be made for

bacilli. Should they, however, not be found in the discharges from the

middle ear, any accompanying granulation tissue should be removed and
examined. Occasionally they may be discovered in this way. Failing this,

portions of diseased tissue from the middle ear may be removed and
inoculated into guinea-pigs or rabbits. If such experiments be conducted

with due precautions to avoid accidental contamination, and if tuberculous

disease be set up in the animal so inoculated, the presumption is that the

material employed is tuberculous. Tuberculous disease of the middle ear

is frequently associated with similar disease within the mastoid process.

In many such cases where the mastoid has been opened for the purposes

of treatment, a pultaceous-looking mass will be found filling up the cells,

but this material is practically valueless for experimental purposes, con-

sisting as it does of broken-down tissue, inspissated purulent debris, and

epithelial cells. When, however, it has been removed by means of a spoon

and the underlying bone exposed, it will be seen where the disease is

making progress, and from whence a scraping of bone should be taken.

In my experiments I have inserted a fragment of tissue obtained as above
described into a guinea-pig's hind-leg, just about the knee-joint, all hair having
previously been removed by singeing with a platinum knife.

_
A small pocket is

now made with a sterilised needle, and the tissue carefully inserted. In a few
weeks' time, should the tissue inoculated be tuberculous, the inguinal glands will

be found enlarged, and as time goes on the tuberculous virus will be found to have
spread over the animal's body, the glands and viscera being attacked in the

following order, according to the results obtained by Professor Delepine :

—

During the second week after inoculation the lymphatic ganglia upon the same
side of the body below the diaphragm and the spleen will be found enlarged^

During the third week, the liver, the mediastinal, and the bronchial ganglia.

During the fourth week, the lungs, the cervical, and the axillary ganglia.

After thefourth week some of the lymphatic ganglia of the opposite side of the

body below the diaphragm become affected, but this takes place extremely slowly,

and the sublumbar and popliteal glands escape for a considerable time.

Microscopic sections made from these glands, and stained for bacilli, will

frequently be found to reveal their presence.
In this way a definite diagnosis of the actual character of the underlying lesion

can be made, and the value of the knowledge thus obtained is naturally immense,
both as regards prognosis and treatment.

The course of such tuberculous lesions is only too often a downward
one, despite the most elaborate and painstaking treatment. The practical
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difficulties encountered in removing tuberculous deposits within bone are

immense, and in no region of the body are these difficulties greater than

when tubercle attacks the temporal bone, for reasons which must be

obvious to all.

The complications which have to be feared are: (1) meningitis, (2)

tuberculous enteritis, (3) general marasmus.
The treatment of such cases must be considered from two points of

view, according as it is non-operative or operative. Cases will be met with,

especially in infants, where any operative interference will from the first

be seen to be hopeless.

Such are the cases where marked debility and emaciation are present,

where advanced facial paralysis and masses of enlarged glands have been

early symptoms, and where the discharge is abundant, foetid, and frequently

blood-stained. In such cases palliative measures, antiseptic treatment,

and, if possible, residence at the seaside, are indicated, but I am bound to

say that in the majority of such patients whose cases I have followed an
early death has been the usual history. The prognosis in such cases I

believe to be essentially bad.

In other cases, however, where the present condition of the patient is

good (and often enough it is so), and where the tuberculous lesion may be

regarded as primary and local, much can be done by suitable operative

interference. It is almost superfluous to say that the first and the main
essential is to provide free drainage. This implies opening and cleansing

the mastoid cells, and it is a remarkable fact how often in such cases,

without any external and objective sign or indication, the mastoid cortex

will be found extensively perforated, and a pultaceous mass immediately

exposed to view. Under good illumination a very careful toilet of .the part

should be effected, and this can generally best be done by means of a sharp-

spoon. All softened and carious bone must be scraped away, and as smooth
a cavity left as possible, even if this necessitates laying bare the dura and
walls of the lateral sinus. The cavity thus obtained should be allowed to

granulate from the bottom, and care must be taken to stimulate any sluggish

area by means of applications of chloride of zinc, nitrate of silver, etc.

Frequently more than one scraping is necessary as fresh foci of disease

appear. In one particular case which came under my treatment some
years ago, and where the cause was proved to have been feeding with milk

from a tuberculous cow, five separate operations had to be undertaken before

the morbid process was eradicated, which, however, it finally was, and the

child has now grown up a healthy and sturdy boy. In very many of the

cases the middle ear has been so extensively destroyed that its function as

an organ of sense may be disregarded. Under such circumstances its con-

tents should be freely curetted, and middle ear, antrum, and mastoid cells

thrown into one cavity, and allowed to become obliterated by means of

healthy granulation tissue. Where, however, a fair degree of hearing is

present, efforts should be made to preserve the function of the organ so far

as is possible.

An important point arises in connection with the treatment of the

accompanying large glands. Some of the glands may be enlarged purely as

the result of septic absorption, and if the morbid cause be removed this

enlargement will gradually subside, especially if aided by suitable treat-

ment. But many of the glands are of a tuberculous nature, and are prone

to undergo caseous degeneration, while at the same time they are a source

of possible systemic infection. Hence I hold that after the mastoid area

and the cavity of the middle ear have been attended to, and as soon as the
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condition of the patient admits of it, another operation should be under-

taken with the object of removing these enlarged and tuberculous structures.

The facial paralysis which so often accompanies tuberculous disease of

the middle ear is unfortunately usually permanent. Something may, how-
ever, be done by facial massage and the internal administration of strychnia

to assist in maintaining the tonus of the facial muscles.

Greneral treatment, such as the exhibition of cod-liver oil, iodide of iron,

syrup of iodine, etc., is useful, as also is change of air and liberal diet. The
general conclusions from a study of these cases may be summarised as

follows :

—

1. That primary tuberculous disease in and around the middle ear is of

fairly frequent occurrence, and that it most usually attacks the children of

the poor, especially the poor of our larger cities.

2. That a generalised tuberculous infection may arise from a primary
focus within or around the middle ear.

3. That the prognosis in such cases is not very favourable, at least 40
to 50 per cent of the cases succumbing even after operative treatment has

been undertaken.

4. That in many of the cases operative interference is contra-indicated,

owing to the extent of the existing disease and the asthenic condition of

the patients.

5. That when operative interference is feasible, the main object should be

to scrape away all available foci of disease and to provide efficient drainage.

6. That the best and the most reliable means of establishing the tuber-

culous nature of the disease is by means of properly-conducted inoculation

experiments.

Intracranial Complication following Chronic Suppurative
Otitis Media

Extension of a pathogenic infection from the cavity of the middle ear

or mastoid antrum to the interior of the cranium takes place either as the

result of carious destruction of the surrounding bony parietes, or as the

result of infection spreading along the minute emissary veins or lymphatic

channels which connect the mucosa of the middle ear with the meninges
and interior of the brain, or directly through various fissures or defects in

the osseous framework of the part.

The most usual sites of carious destruction of the bony parietes of the

middle ear are

—

(1) The tegmen tympani and roof of the mastoid antrum.

(2) The posterior wall of the mastoid antrum.

(3) The inner wall of the middle ear—pars promontoria.

(4) The bony walls of the aqueductus Fallopii.

In certain cases extension to the interior of the cranium takes place

without any destruction of surrounding bone, the pathogenic infection being

conveyed directly from the septic focus within the middle ear by means of

venous or lymphatic channels, a septic thrombosis of these vessels taking

place, which in turn is followed by abscess formation.

The intracranial lesions most usually met with secondary to chronic

suppurative middle ear disease are: (1) extra-dural abscess; (2) pachy-

meningitis
; (3) suppurative pia-arachnitis

; (4) temporo-sphenoidal abscess
;

(5) cerebellar abscess
; (6) thrombosis of the lateral sinus

; (7) suppurative

encephalitis.

Extra-dural Abscess.—The most usual sites for extra-dural abscesses
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are : (1) over the tegmen tympani
; (2) over the tegmen antri ; and (3) in

the neighbourhood of the groove for the sigmoid sinus. Their size varies

immensely, being sometimes very minute, at other times being so large as

to contain several ounces of pus. The underlying bone is frequently dis-

coloured and carious, and may in exceptional cases become perforated, so

that pus collects under the pericranium, constituting what is known as

" the shirt-button abscess."

The dura mater limiting the abscess cavity is frequently thickened and

studded with tufts of exuberant granulation tissue. At times it is per-

forated, the abscess cavity communicating either with the arachnoid cavity

or directly with an intracranial collection of pus.

The symptoms of an extra-dural abscess are pain, at first local, but

frequently becoming generalised, rise of temperature, rapid pulse, nausea,

and vomiting, and in advanced cases symptoms of cerebral compression.

Should the abscess cavity be situated immediately over or in the neighbour-

hood of the motor area, symptoms of paresis or paralysis of various muscles

or groups of muscles may be noted.

Extra-dural abscesses in the neighbourhood of the groove for the sigmoid

sinus are frequently associated with thrombosis of the sinus or with

cerebellar abscess.

Pachymeningitis is frequently associated with extra-dural abscess and

with suppurative pia-arachnitis (lepto-meningitis). In many cases it is the

result of an effort of nature to erect a barrier between a suppurating focus

within the middle ear and the adjacent brain tissue, so as to prevent the

invasion of micro-organisms. In such cases the dura becomes thickened

and granular by the deposit of fresh fibrous tissue within its layers, and

adherent to the surrounding bone by plastic exudation. Where the under-

lying bone is carious and perforated, tufts of granulation tissue may pro-

trude into the cavities of the middle ear and mastoid antrum, and may be at

first sight mistaken for aural polypi.

Suppurative pia-arachnitis (lepto-meningitis) is at times very extensive,

spreading over the whole base of the brain, and at times over a considerable

portion of the cortex. It is frequently a complication of intracranial abscess

or of sinus thrombosis. Occasionally cerebral or cerebellar abscesses

rupture into the arachnoid cavity, with the result that diffuse and violent

arachnitis is rapidly set up.

Symptoms of Pachy- and Lepto-Meningitis.—The symptom first com-

plained of is pain, which, from being local, rapidly becomes diffuse and intense.

The temperature is elevated, and in uncomplicated cases remains so. Where,
however, meningitis is associated with abscess it may be subnormal. The
pulse is rapid and high. Vomiting is usually present, and may be quite

independent of the taking of food. Constipation is also a prominent

symptom, and is frequently associated with a markedly retracted abdomen.

In basal meningitis pain at the back of the head and neck and retraction

of the head are frequently present. Photophobia, strabismus, and optic

neuritis, although by no means constant symptoms, are occasionally present.

Cerebral symptoms are mainly of the irritative type, consisting of increased

excitability, restlessness, convulsions, and general irritability.

Meningeal symptoms are, however, frequently masked by other intra-

cranial lesions, such as abscess or thrombosis, rendering an exact diagnosis

practically impossible.

Paracentesis of the spinal theca occasionally affords useful information.

Thus, in cases of cerebral abscess the quantity of albumen in the escaping

cerebro-spinal fluid is slightly increased ; in meningitis it is markedly so,
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so much so that more than 1 per cent of albumen indicates the presence of

meningitis. Absence of polynuclear leucocytes would indicate absence of

any inflammatory condition of the lepto-meninges.

Tempoeo-sphenoidal Abscess.—The majority of temporo- sphenoidal

abscesses occur in young subjects and in those under thirty years of age.

They occur with an almost equal frequency upon the right and upon the left

side ; they are more frequently found in males than in females, the propor-

tion being nearly 2 to 1. As a rule they follow chronic suppurative lesions

in and around the middle ear, although they are met with secondary to acute

disease. Occasionally an abscess may occur upon the side opposite to the

existing ear lesion. They may lie encapsuled within the substance of the

tenrporo-sphenoidal lobe, a zone of healthy brain tissue intervening between
the abscess cavity and the ear lesion, or they may be connected with the

cavity of the middle ear by means of a fistulous tract through a perforated

tegmen tympani. The contents of the abscess cavity consist of thick

purulent matter, often greenish in colour, and extremely foetid. In recent

cases there may be a distinct limiting membrane, in chronic cases a thick

pyogenic capsule. The surrounding brain substances may be inflamed,

softened, and occasionally necrotic.

An abscess may he dormant within the substance of the brain for many
years, until an injury, or some increase of pathogenic infection due to

exposure, cold, etc., may light up the already existing lesion with disastrous

results. In a few cases they spontaneously dry up, or become converted

into a cretaceous mass.

Symptoms.—One of the earliest and most important of the symptoms of

temporo-sphenoidal abscess is pain. Tins is frequently complained of directly

over the site of the abscess cavity, but may and does occur in any part of

the head, hence its actual site has no pathognomonic importance. It is

usually of a dull, aching character, increased by pressure, and especially by
percussion. After a varying duration, drowsiness and stupor are manifested,

the patient exhibiting all the symptoms of sluggish cerebration. Vomiting
of the cerebral type is an early and important symptom, and may continue

for days. The temperature, which in the initial stages of abscess formation
is elevated, soon falls as pressure symptoms increase, until it may become
one or two degrees below normal. Should the abscess burst into the cavity

of the pia-arachnoid or into one of the ventricles, a rapid rise results. The
pulse, which during the early stage of the disease may be rapid, tends to

fall just as the temperature does, until its beats may number only thirty or

forty per minute. The respiration wave tends also to become reduced pari
passu with a fall in temperature and pulse rate.

Paresis or paralysis of certain muscles or groups of muscles upon the

opposite side of the body is also frequently noted, and is due to pressure

upon the motor areas, or upon the motor fibres running through the internal

capsule. Paralysis of the third nerve is comparatively frequent, and gives

rise to such symptoms as ptosis, dilatation of the pupil, loss of accommodation,
and a downward and outward movement of the eyeball. Paralysis of the

seventh nerve, affecting the facial muscles of the opposite side, is at times
noted, and is due to cortical involvement.

When the abscess cavity is in the upper and posterior part of the

temporo-sphenoidal lobe, sensory aphasia is present ; when towards its apex
and iipon the left side, motor aphasia may be noted, due to pressure upon
Broca's convolution. Optic neuritis may or may not be present.

As intracranial pressure increases, symptoms of coma ensue. If, however,
rupture of the abscess takes place into the ventricle or into the arachnoid
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cavity, symptoms of extreme excitation arise, accompanied by restlessness,

convulsive seizures, and rapid elevation of temperature.

Cerebellar Abscess.—About one-third of all recorded intracranial

abscesses, secondary to chronic suppurative otitis media, occur within the

cerebellum. Their most usual situation is towards the anterior extremity

of one or other lateral lobe ; they are frequently associated with septic

thrombosis of the lateral sinus, or with an extra-dural abscess in the

posterior cerebral fossa.

The symptoms which an abscess in the cerebellum gives rise to are very

much the same as those produced by an abscess in the cerebrum. Pain,

which in temporo-sphenoidal abscesses may occur in almost any part of the

head, as before described in cerebellar abscesses, is more frequently occipital

Other symptoms, such as pulse rate, temperature, respiration rate, etc., are

governed by the same general principles as hold in temporo-sphenoidal

abscesses. Giddiness is, however, an indication of some importance, and in

certain cerebellar abscesses is very marked, and its character may prove of

localising value. Optic neuritis is frequent, and complete blindness may be

noted. Constant yawning has also been noted.

Retraction of the head, intolerance of light, and rapid emaciation are

important indications.

In cerebellar abscess sudden death may occur from rupture into the

fourth ventricle, or from pressure upon, or cedema around, the respiratory

centre.

Thrombosis of the lateral sinus occurs, as a rule, from carious destruc-

tion of the bony walls around the sigmoid sinus. In most cases, as a result of

perforation of the posterior bony wall of the mastoid antrum, an extra-dural

abscess forms, followed by a phlebitis of its walls. This phlebitis produces

a certain degree of venous stasis, which in turn is followed by the formation

of a thrombus. The thrombus, lying as it does in intimate relation with a

septic focus, rapidly becomes septic and disintegrates, minute particles

becoming detached and carried by the blood stream to distant organs, e.g.

the lungs, the pleurre, the kidneys, or the larger joints, there to set up

embolic abscesses ; or a general septic intoxication may be induced, followed

by septicaemia or pyo-septicamiia.

In a certain number of cases thrombosis may result without any bone

lesion existing, the pathogenic infection being conveyed directly from the

septic focus within the middle ear or mastoid cells to the lateral sinus, by

way of small emissary veins connecting the mucosa of the one with the

fibrous sheaths of the other.

A thrombus which has once formed may, under certain circumstances,

become organised, its organisation being followed by the formation of a mass

of fibrous tissue with obliteration of the sinus.

Symptoms.—The symptoms which septic thrombosis of the sigmoid sinus

produces are mainly those incident to the septic intoxication which results,

with, in addition, symptoms referable to the particular organs in which

metastatic deposits may have taken place. Rigors are consequently early

and important indications ; these rigors may occur frequently during the

day, the temperature varying from 103° or 104° to normal or subnormal

within a few hours. The pulse rate shows corresponding variations. Pain

over the mastoid region in the neighbourhood of the sinus is frequently

complained of, and is usually increased by pressure and percussion. (Edema

of the soft tissues over the mastoid may also occur, and is due to blocking

of the emissary mastoid, vein.

As the phlebitic process advances, pain is complained of along the course
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of the internal jugular vein, which may become so thick and infiltrated as

to feel like a hard cord. The glands in the immediate neighbourhood of the
vein also become swollen and tender.

General symptoms, such as vomiting, diarrhoea, profuse perspiration,

and exhaustion are usually present.

When emboli become detached and arrested within the substance of the
lungs septic pneumonia results, frequently followed by pulmonary abscess,

and even by gangrene of the part. If the pleura becomes affected diffuse

septic pleurisy may ensue.

The thrombotic process may also spread to other intracranial sinuses,

e.g. the cavernous, the longitudinal, the petrosal, etc. In exceptional cases

a general thrombosis of all the venous sinuses within the cranium may
result.

As the result of septic absorption, a condition of pyo-septic£emia may be
set up, characterised by severe febrile symptoms, frequent rigors, and marked
prostration, and by the development of septic abscesses, especially in and
around the larger joints.

Treatment of the Various Intracranial Complications of Chronic
Suppurative Middle Ear Disease

(For the method of preparing the patient for operation, and for other details

of operation, see vol. i. p. 94.)

Extra -dural Abscess.—In the treatment of extra -dural abscesses
surgical interference should be resorted to without delay. A disc of bone
should be removed over the site of the abscess and free vent given to all

pent-up pus. The abscess cavity may or may not be washed out, according
to circumstances, but in any case ample provision should be made for free

drainage.

Tufts of granulation tissue springing from the inflamed dura should be
scraped away with a sharp spoon.

In cases where an extra-dural abscess is suspected, but where its exact
situation is a matter of conjecture, discs of bone should be removed over the
most usual sites for its formation, viz. over the tegmen tympani and over
the groove for the sigmoid sinus.

Pachy- and Lepto-meningitis.—Where a diffuse suppurative inflammation
of the covering of the brain has taken place little or nothing is to be
expected from treatment. Purgation, depletion by means of leeches, ice-

bags to the head, and treatment of a supporting nature are all indicated
and should be tried.

A bacteriological examination of the purulent contents of the middle
ear should be made, and should the predominant organism present be a
streptococcus a fair inference is that the meningeal inflammation is of
streptococcal origin. Under such circumstances subcutaneous injections of
anti-streptococcic serum may be tried.

Where meningitis is, however, local early operative interference, e.g.

removing the bony framework around the infected area, cleansing the parts
thoroughly with antiseptic lotions, and providing free drainage may bring
about an arrest of the inflammatory process.

Temporo-Sphenoidal Abscess.—Should a diagnosis of temporo-sphenoidal
abscess be made in any given case, removal of a disc of bone and exploration
of the abscess cavity should be undertaken without delay. After reflection
of the soft parts (see vol. i. p. 97) the trephine pin should be made to enter
the squamous portion of the temporal bone 1\ inch behind and above
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the centre of the external auditory meatus. Cotterell trephines \ inch

behind and 1 inch above the centre of the external auditory meatus.

After removal of the disc of bone and incision of the dura (which, if an
abscess be present, will bulge into the opening) a pus searcher (Horsley),

the blade of a fine knife, or a grooved director should be thrust into the

substance of the brain in various directions. If pus be present it will well

up along the groove of the director. By means of a fine pair of sinus forceps

introduced along the director and carefully opened so as to dilate the tract,

the contents of the abscess cavity may be evacuated. A drainage tube of

rubber or decalcified chicken bone is now to be introduced and the abscess

cavity carefully washed out with warm boracic or carbolic (1-40) lotion.

The original skin flap is now to be brought down (an opening being made
for the drainage tube) and the wound sewn up. The usual dressings are

then to be applied.

In certain cases a counter-opening through the tegmen antri or tegmen
tympani is highly desirable, providing as it does more efficient drainage and
a readier means of cleansing the abscess cavity.

Cerebellar Abscess.—In operating for cerebellar abscess, after reflection

of the soft parts (see vol. i. p. 97), the pin of the trephine should be intro-

duced into the substance of the occipital bone It inch behind the centre

of the external meatus (Eeid's base line) and •£ inch below it.

A disc of bone having been removed, the cerebellum should be explored,

just as has been previously detailed in connection with temporo-sphenoidal

abscesses, and the after-treatment conducted upon the same lines. Once
the abscess cavity has been opened and drained, digital exploration is of

great value, as occasionally a secondary abscess in close proximity to the

first may be present and its existence is more readily made out by means
of the finger than by any other method.

The difficulties of accurately differentiating between a temporo-sphenoidal

and a cerebellar abscess, are so great that Percy Dean has suggested a

trephine opening which will expose both the posterior part of the temporo-

sphenoidal lobe and the anterior part of the cerebellar lobe, whilst at the

same time affording ready access to the region of the sigmoid sinus. The
pin of the trephine is introduced into the bone 1 inch behind and \ inch

above the centre of the external meatus and a disc of bone removed. Special

care must be taken to avoid wounding the lateral sinus, which lies im-

mediately under the disc of bone which is being removed. Should an

abscess cavity not be found in the temporo-sphenoidal lobe, it is easy to

explore the anterior part of the cerebellum through the same trepliine

opening.

Lateral Sinus Thrombosis.—After having opened up and cleansed the

mastoid antrum and the adjacent mastoid cells the knee of the lateral

sinus should be carefully exposed by removing the bone in its immediate
neighbourhood. Usually pus in greater or less quantity will be found

surrounding the sinus. After cleansing the part a hypodermic needle

should be thrust into the centre of the sinus. If no blood be drawn the

presumption is that the sinus is thrombosed (the point of the needle will

often be found to have a very foetid smell after such a puncture). Should

the sinus be found thrombosed the internal jugular vein should be exposed

in the neck by an incision along the anterior border of the sterno-mastoid

muscle, tied, and divided. The lateral sinus, after having been exposed for

about an inch towards its occipital end, is now slit up and its thrombosed

and purulent contents freely scraped away until free haemorrhage takes

place. It is then to be packed in the direction of the torcular with strips
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of iodoform gauze. Its proximal end should also be scraped and a stream
of warm carbolic lotion (1-40) syringed along its course until it flows freely

through the divided end of the jugular vein in the neck. Antiseptic
dressings are then to be applied in the usual way. The packing within
the sinus should be allowed to remain in situ for five or six days, and then
should be carefully removed. If necessary the sinus may be repacked.

Septic Encephalitis.—As has already been mentioned, the brain tissue in

the neighbourhood of the suppurating focus may itself become inflamed, as

is evidenced by (Edematous swelling, softening, diffuse suppuration, and
increase of intracranial tension.

Treatment consists in eradicating where possible the primary cause,

in treating the secondary focus of suppuration within the cranium, in
antiseptically cleansing the suppurating cerebral surface, and in providing
free drainage.
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Middle Ear—Chronic Non-Suppurative Disease.

Introductory ....
Hypertrophic Catarrh

(a) Chronic Eustachian Catarrh
(b) Chronic Catarrh in Middle

Ear Tract .

1. Stage of Engorgement .

2. Stages of Proliferation

and Contraction .

Under this title are described all cases of deafness due to middle ear
disease, in which the membrana tympani is intact.

Although great advances have of late years been made in separating the
different forms, we are as yet unable, in many instances, to draw hard and
fast lines between them, thus rendering description extremely difficult and
often bewildering. The chief difficulty experienced in studying them is,

that the opportunity for pathological examination, in their early stages
especially, is rarely obtained.

In adopting the following classification it must be understood that one
form often appears to exist with another, and that it must be accepted
tentatively for the purpose of description only :

—

A. Hypertrophic Catarrh.

B. Atrophic Catarrh.

C. Changes due to variations in pressure.

D. Changes due to deficient blood-supply.

Of the two chief forms the hypertrophic originates in infancy and child-
hood, both sexes being equally liable, the ultimate results being seen in
later life. Adenoids are almost entirely responsible for the condition.
The atrophic begins insidiously in young adult, and early middle life,

although it is occasionally met with much earlier. Young women are the
chief sufferers.

The symptoms of both forms in their later stages are closely similar,
but, in unmixed cases, the history and signs are widely different ; in the
hypertrophic, definite changes are present in the membrane with Eustachian
narrowing and local and general signs of past or present nasal obstruction

;

159 3. Cicatricial orPost-Catar-
160 rhal stage . 166
161 (c) Operative measures 167

Atrophic Catarrh . 168
162 Changes produced by Varia-
162 tions in Pressure

Changes produced by Deficient
170

164 Blood-Supply 171
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in the atrophic, on the other hand, little or no gross change is observed in

the membrane, there is no Eustachian obstruction, and no apparent cause

in the nose or naso-pharynx. A consideration of this subject indicates the

great importance of due attention being paid to the condition of the upper
respiratory passages in early life.

A. Hypertrophic Catarrh.—This is a disease which has its origin

principally in early life, having for its chief characteristics, deafness asso-

ciated with definite changes in the membrana tympani, and some patho-

logical condition in the nose or naso-pharynx.

Causation.—The causes must be any condition which will

—

(1) Predispose to attacks of acute catarrh.

(2) Tend to make acute catarrh become chronic.

(3) Maintain a chronic catarrh.

These causes may be local or general ; the local condition above all

others is chronic hypertrophy of the naso-pharyngeal tonsil (adenoids), a

disease chiefly of childhood and early life, although not uncommon in middle

life, and occasionally met with at a much later period. Hypertrophied tennis

(although often associated with adenoids), if they are present alone, will

help to maintain a chronic catarrh. Other local causes are, secondary

syphilis, true or false hypertrophy of the turbinal bodies ; suppuration in

accessory cavities of the nose ; atrophic rhinitis ; nasal polypi ; irritation

to due noxious fumes, tobacco, etc. The general causes are, exposure to

wet and cold, anaemia, tubercle, in fact any disease which lowers the

vitality of the organism, rendering infection easy, and hindering return to

a normal condition.

Pathology.—In considering the pathology of this disease we will

consider shortly what a catarrh is, and what changes are produced by it.

But before doing so, the reader may be reminded that the lining mem-
brane of the middle ear consists of three layers :

—

(1) Epithelial.

(2) Sub - epithelial, containing lymphatics, nerves, and, comparatively

speaking, large blood-vessels, and

(3) A fibrous, which is adherent to the bone.

An acute catarrh is an acute inflammation of a mucous membrane due

to either injury or infection. (See p. 123). At present we are unable to say

definitely what micro-organism will produce catarrh, but, as far as is known,

any pathogenic organism has the power.

The immediate result of infection is acute swelling and reddening of the
membrane due to the engorgement of vessels and the presence of exudation, espe-

cially in the sub-epithelial layer. Exudation is also poured out from the surface,

being serous, sero-mucoid, or chiefly mucoid. At this point resolution may take

place, leaving no trace, the exudation in the sub-epithelial layers being carried offby

the lymphatics, and the vessels returning to their normal size. But if, from some
local or general cause, resolution does not occur, the engorgement of vessels

continues and more or less exudation persists, that -which is poured out from the
surface being a marked clinical feature in some cases.

The chronic engorgement of vessels leads to local proliferation, especially of

the fibrous tissue in the sub-epithelial layer: this fibrous-tissue proliferation under-

goes contraction, the exudation ceases, the epithelial layer by stretching becomes
atrophied, and the whole lining membrane becomes ultimately converted into a

layer of thick fibrous tissue.

There are therefore four stages which run one into another when the acute

period is passed :

—

(1) Chronic engorgement of vessels with exudation.

(2) Resulting proliferation especially of the fibrous tissue.

(3) Contraction of the proliferated fibrous tissue.
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(4) The ultimate stage of cicatricial condition which may be called post-
catarrhal.

The results of such changes in the middle ear can be easily imagined when it

is remembered that the lining membrane, besides clothing the bony walls and inner
aspect of the membrane, forms folds and pockets round the ossicles, their joints,

ligaments, and muscles.
At first the ossicles and membrana tympani are hampered by the swollen

membrane and the exudation. Later the contraction of the proliferated fibrous
tissue causes further and permanent fixation.

The membrana tympani is drawn in by the same cause, aided by the non-
aeration of the cavity through the Eustachian tube allowing external atmospheric
pressure to exert its influence. The folds of lining membrane are converted into
fibrous bands, binding down the ossicles to neighbouring walls ; the incus to the
outer attic wall, and the stapes to its niche. The tip of the handle of the malleus
coming in apposition to the promontory, the opposing epithelial layers become
rubbed off and allow of adhesion at this point. The ossicular joints become
anchylosed. The muscles fixed. The exudation becomes inspissated or confined
in pockets of the lining membrane. The Eustachian tube sharing the same
changes becomes narrowed. So that an originally pink, moist, thin, somewhat
movable lining membrane becomes smooth, white, dry, and thick. Further
changes of the lining membrane sometimes occur, such as calcification, fatty
degeneration, etc. The tensor tympani and stapedius muscles undergo atrophic
degeneration.

As the trouble may be limited to the Eustachian tube, or may involve
the whole middle ear tract, each will be considered separately, with their

symptoms, signs, prognosis, diagnosis, and treatment, as far as possible in

their different stages.

(a) Chronic Eustachian Catarrh.—This may be limited to the orifice of

the tube, or extend some distance up the cartilaginous portion. If long
continued, changes may take place in the whole tract ; these will be con-
sidered under the changes produced by variations in pressure (p. 170).

Symptoms and Signs.—One or both ears may be affected ; if both, one is

often worse than the other. Deafness is marked, but may vary from time
to time, improving sometimes on swallowing or on blowing the nose, but
the improvement soon disappears, or if permanent changes have not
occurred, the patient, after suffering for some time, may feel a crack in the
ears with subsequent complete restoration of hearing.

On inflation with Politzer's bag or the Eustachian catheter immediate
and permanent improvement may occur in the limited early stage ; or if

the disease is of long standing, especially if it has extended some way along
the tube, difficulty may be experienced in getting the tube open, and the
resulting improvement, though great at the time, sooner or later disappears.
On listening with the auscultation tube during inflation the air can be
heard at first in the distance entering with difficulty, before clearly entering
the cavity of the tympanum. In the exudation stage distant bubbling may
be at first heard. The patient complains of a distinct feeling of oppression
of the head on the side affected ; and mental dulness may be felt, especially
if both tubes are blocked. Tinnitus of a rushing character is heard. The
patient's own voice sounds to him louder on the affected side, and if both
ears are implicated it seems as if he were talking into a hollow vessel. The
auricle and surrounding parts feel numb when lightly touched. On looking
at the membrana tympani all the signs of depression will be seen. If
permanent changes in the middle ear have not been produced the pink
lining membrane may show through, unless any opacity is present. The
white, short process of the malleus is prominent, the handle fore-shortened
and drawn somewhat backwards. The folds running forwards and back-
wards from the short process to the periphery are marked, the latter

vol. in 11
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especially. The triangular light reflection from the tip of the handle of

the malleus is interrupted, shortened, or absent, depending upon the

amount of depression. The structures in the middle ear and the inner

wall may be clearly visible. In the posterior and superior segment, the

descending process of the incus with the stapedius muscle running back-

wards from close to its tip, the chorda tympani nerve running from behind

upwards and forwards across the descending process of the incus, may be

seen. The smooth curve of the promontory in the inferior segment is well

marked, and below and behind it the round window appears as a dark

patch. On looking at the naso-pharynx a catarrhal condition of the

lining ' membrane may be seen, it being red and swollen with exudation

lying on its surface. Sometimes this can be seen involving the lips and
orifice of the Eustachian tube ; and rarely a plug of exudation may be seen

lying in the orifice.

Prognosis.—In the early stages this is very good ; in the later it will

depend on the amount of constriction produced, and whether the tympanum
is also involved.

Diagnosis.—Simple chronic Eustachian catarrh will be diagnosed by the

marked improvement of hearing by inflation and the absence of permanent
changes in the membrane. The general methods of diagnosing middle from

internal ear affections are described on page 87.

Treatment.—Any causes in the nose or naso-pharynx must be removed,

and treatment directed to improving the patient's general condition adopted,

such as change of air and tonics. In the early stages a single inflation may
be all that is necessary to open a tube which has been perhaps blocked by
a plug of mucus, or the sides of which have stuck together. If the trouble

has extended some distance up the tube, inflation will have to be repeated,

the intervals between the proceeding depending on the effect produced and
the length of time improvement in hearing remains.

In the later stages, when contraction appears to become a definite

feature, especially if the cartilaginous portion is affected, injections of

alkaline solution or of paroleine, or the passage of a bougie through the

Eustachian catheter, may be necessary. Combined with this treatment the

chloride of ammonium vapour, obtained by means of Godfrey's or Basdon's

inhaler, drawn into the mouth and blown through the nose for ten minutes

night and morning with a few auto-inflations into the middle ear by means
of Valsalva's method when the mouth and nose are full of vapour, is often

of great use.

An alkaline and astringent solution gently syringed down the nose after

the inhaler is often useful. In the last stage it will be usually found that

further changes in the upper middle ear tract have occurred either by

extension of the catarrh, or by changes produced by the variation in

pressure. The treatment in these cases will be considered later.

A useful point, when difficulty of opening the Eustachian tube by

ordinary inflation is experienced, is to place a few drops of pure chloroform

into the bag before inflation.

(&) Chronic Hypertrophic Catarrh in the whole Middle Ear Tract.—
Symptoms and Signs.—These will depend on how far the disease has

progressed.

1. Stage of chronic Engorgement of Vessels with Exudation.—Although i

a certain amount of exudation from the surface is present in all cases, yet

in some it forms a very prominent clinical feature demanding special

description. It must be stated that cases of this variety are undoubtedly

rare in Great Britain. It is impossible to say what determines this excess
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of exudation ; undoubtedly in some eases the excess is more apparent than

real, being due to the collection of exudation in the tympanum owing to

coexisting Eustachian obstruction. The character of the exudation varies,

being serous, sero-mucoid, or mucoid ; and here also it is impossible to say

definitely on what the varying characters of the exudation depends.

The history of these cases in which exudation is marked usually is that,

after an acute catarrh of the naso-pharynx, deafness in one or both ears

persists. The exudation form may be present on the one side, with simple

Eustachian obstruction on the other. There is a feeling of fulness in the

ear, stopping short of actual pain, and a sensation of something moving,

especially if the exudation is serous, with occasional bubbling, especially

after blowing the nose. Improvement in hearing occurs temporarily, but

is only of short duration, and may vary with the position of the head. The
patient may hear bubbles bursting, especially after inflation. Eushing and
occasionally pulsating tinnitus is present. The head on the affected side

feels heavy, and numbness of the auricle and surrounding parts is ex-

perienced. The patient's own voice sounds unusually loud. Inability to

do mental work is often complained of ; and sleep may be disturbed, owing

to the bubbling and cracking which goes on in the ear. When the mucoid
element predominates, bubbling and variations on posture are not

marked.

Sometimes, especially in old people, the membrane may rupture on
blowing the nose or on inflation, producing perhaps a suppurative process

resulting from septic infection from the meatus. In infancy and early

childhood rupture seems to readily take place in the early stages.

On examination the appearance of the membrane varies according to

the character and amount of the exudation, on the length of time it has

been present, and on the degree of clearness of the membrane.
If the exudation is slight and serous the malleal vessels are somewhat

injected, and the fluid can be seen occupying the lower part; its upper
level, which appears as a thin dark line, varying with the position of the

head; or if greater in amount, marked bulging, usually in the posterior

segment, is seen, perhaps completely hiding the handle of the malleus. On
inflation, a disturbance of the fluid can be seen with the formation of

bubbles ; or if the auscultation tube be used, clear bubbling can be heard.

If the mucoid element preponderates, a whitish yellow appearance of a

more or less bulging membrane is seen with dilated vessels coursing over;

there is little or no movement observable on posture, and on inflation

through the catheter, as the bag is often not effective, the air can be heard

at first in the distance and then to gradually enter the tympanum with

sticky rales.

In the later period of the exudative stage the exudation partly escapes

from the Eustachian tube, while some becomes inspissated,—the membrane
in the meanwhile becoming pale and depressed, with perhaps localised

collections of exudation.

In those cases in which exudation is not a marked clinical feature the

symptoms and signs are not so aggresive. Deafness, improving on blowing
the nose, with gradual return to the former condition, and tinnitus of a

rushing and pulsating character, are complained of. The membrane is

somewhat depressed, the lining membrane seen through being dark pink
in colour. On inflation slight bubbling may be heard, the improvement in

hearing produced being greater and more lasting than in the cases of

marked exudation.

Prognosis,—This, if the case be properly taken in hand, is as a rule
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excellent ; but if long continued or untreated, resulting in further changes in

the lining membrane, as demonstrated chiefly by the amount of improve-

ment in hearing produced by efficient inflation, renders it proportionately

worse ; therefore, before giving a definite opinion in long-standing cases, it

is well to wait the effect of treatment.

Diagnosis.—The cases of marked exudation give definite signs.

From a collection of pus they are diagnosed by the absence of acute

redness of the membrane, chronicity, and the absence of pain and fever. If

the exudation is mucoid a general whitish appearance is seen instead of a

yellow or greenish yellow, which is seen when the contents of the tympanum
are purulent. The effect of treatment will also help. In those cases in

which exudation is not a marked clinical feature bubbling is sometimes

heard, and the unusually dark and swollen lining membrane seen through

the membrana tympani, together with the persistency of the symptoms
and effects of inflation, mark them from simple Eustachian obstruction.

Treatment.—At this stage, as we have seen, it is possible for the disease

to be completely arrested, and no means should be spared to prevent further

progress. The treatment is local and general. Those cases in which
exudation is marked will be first considered.

If this is slight and serous the treatment adopted for simple Eustachian

catarrh will suffice. As before stated, it is impossible at first to say how
much Eustachian obstruction is responsible for the collection of exudation

in the tympanum ; sometimes cases which at first appear to demand more
radical measures yield to simple treatment. In the cases in which simple

remedies do not effect a cure, a collection of exudation persisting, and

especially when the mucoid element predominates, they must be supple-

mented by intra-tympanic injections of warm sterile alkaline solutions, such

as bicarbonate of soda, five grains to the ounce, or of paroleine. Counter-irrita-

tion behind the ear, or massage from above downwards behind the ear and
upper part of the neck, may also be used. If these measures do not suffice

the membrane must be opened, perhaps more than once, as the incision

speedily closes in spite of inflation. The incision must be made under

strict antiseptic precautions, through the part in which the bulging is most
marked, or if no bulging is present, in the posterior and inferior segment

;

it should be free and parallel to the handle of the malleus. At the time of

incision inflation should be practised to clear the middle ear, the exudation

being then gently mopped out. The meatus should then be lightly plugged

with the antiseptic dressing. The simple treatment of the nose and naso-

pharynx with the chloride of ammonium inhaler and nasal solution should be

continued meanwhile. Massage by means of Siegle's speculum will be

found useful in hastening absorption and preventing adhesions. Change of

air to a high and dry climate with tonics are often very beneficial.

In those cases in which exudation is not marked, simple treatment,

regular inflation, massage of the membrane, together with tonics and change

of air, will usually be found sufficient. In these cases, again, local trouble

in the nose or naso-pharynx must also be removed.
2. Stages of Proliferation and Contraction.—In discussing the following

stages they merge so gradually, one into the other, that it is impossible to

separate them completely, the progress of the cases being judged according

to the amount of improvement obtained by treatment and the changes

present in the membrane. We may discuss the stages of proliferation and

contraction together. This is a common period for patients to present

themselves for treatment, as they find that the deafness, which they thought

would pass off in time, has not only persisted, but is gradually getting worse,
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Symptoms and Signs.—The history of these patients, usually young

adults, is that deafness has persisted after a cold or series of colds, or has

gradually come on since ; or that in childhood occasional deafness was

noticed, with a history that points strongly to the fact that adenoids were

present at that period. In fact they often present the appearance due to

chronic nasal obstruction. They also state that they are worse with every

cold, with perhaps marked permanent deterioration. In the later stage,

when far advanced, the symptom of hearing better in a noise may begin to

show itself, indicating the gradual onset of the fixation stage. Deafness is

well marked, both ears as a rule being affected, one, often the left, being the

worse. The fact that the patient cannot hear general conversation, or when
at a dinner party he cannot hear conversation distinctly on one side, may
be the symptom which compels him to come for treatment. Tinnitus,

rushing, roaring, clanging, or machinery-like in character, is often a source

of great trouble, being worse when the patient is quiet, especially at night,

sometimes preventing sleep.

Diplacusis, usually disharmonic, is sometimes complained of. On
examination the membrane is pale, often opaque, with perhaps patches of

chalky deposit (phosphate of lime), the signs of depression being marked,

and in the later stage the pink lining membrane cannot be seen, even if

the drum is clear.

On applying Siegle's speculum it will be found that the membrane and

malleus do not move freely, or perhaps the posterior segment will alone be

freely movable. On inflation through the catheter the air will be heard

to enter with difficulty and dryly, with perhaps a whistling sound. The
amount of improvement in hearing produced will vary according to how
far pathological changes have progressed. On examining the membrane
after inflation little or no alteration is seen. The nose or naso-pharynx

may present some pathological condition, and it is often possible to detect,

even in middle life, remains of adenoids, which if seen during a cold may
be considerable in size.

Prognosis.—For this we rely upon the progressive character of the

deafness, which is worse with each cold, and the absence of internal ear

trouble as shown by the tuning-fork, etc. From the exudation stage, by
the absence of moist sounds on inflation, the depression, fixation, and opacity

of the membrane, and the amount of improvement produced by inflation.

From the last stage, by the amount of improvement produced by inflation,

the absence of paracusis, which, though present in the later stages of con-

traction, appears to indicate that the final stage is being reached.

Treatment.—If on inflation the improvement in hearing is marked, we
gather that the contraction stage has not advanced far, and we must adopt

treatment which will, as much as possible, cut short the proliferation or

limit the amount of contraction.

In order to do this, definite local troubles in the naso-pharynx or nose

must be removed, followed by regular inflation by means of the bag or

Eustachian catheter, the intervals between the inflations being judged by
the length of time improvement in hearing lasts. Massage by means of

Siegle's speculum or Delstanche's masseur is also useful. The chloride of

ammonium inhaler and the nasal solution, with tonics and change of

air to a high and dry climate, should be combined with the other

treatment.

If the Eustachian obstruction is a prominent feature a bougie may be

passed up the tube, or paroleine may be injected through the catheter.

If the results produced by this treatment are not great we must infer that
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contraction is well advanced ; and we may have to consider, if the deafness

is extreme, the question of operative treatment, which will be presently

dealt with in considering the treatment of the post-catarrhal stage.

Sometimes iodide of potassium in small doses, combined with ammonia
given in hot water twice a day for a fortnight or three weeks, produces
good results. With regard to tinnitus, the treatment we have indicated

will usually do as much good as is possible, as it is mechanically produced
and depends on the local changes. Tonics are useful in rendering the

patient more able to stand the noises ; bromide of potassium and diluted

hydrobromic acid are sometimes useful as sedatives. Electricity may be
tried ; if at the first sitting neither the anode nor cathode alters the sound
the case is unfavourable; but if the noises are diminished during the

passage of the anodal current, the treatment is more hopeful and should be

continued. (Lewis Jones, Archives of Otology, vol. xxiv.)

3. Cicatricial or Post-catarrhal Stage.—This may be looked upon as the

ultimate condition resulting from the unchecked progress of the disease,

which may have occupied a longer or shorter length of time.

Symptoms and Signs.—A history of gradual increasing deafness of

catarrhal origin, distinctly worse on colds, until a pitch of deafness has

arrived which, although never absolute, necessitates a loud voice close to

the ear. Paracusis Wilissii, or hearing better in a noise, is a prominent
symptom ; this phenomenon is supposed to be due to vibration produced by
jolting or by loud noises, enabling the rigid ossicular chain to more readily

transfer sound waves. Occasionally the patients will state that they used

to hear better in a noise. Tinnitus is often very distressing, sometimes
rendering life almost unbearable, and in a few even suicidal tendencies

may be present. The patients are morose, introspective, being to a large

extent cut off from the outside world. Many acquire in some degree the

power of lip reading, and they will consequently hear better when the

speaker is facing them. A low but clear voice is heard better than shouting.

High tones will be distinctly heard better than low ; for instance, a watch
will be heard comparatively better than the human voice. On looking at

the membrane it will appear markedly depressed and opaque. By means
of Siegle's speculum the malleus may be firmly adherent to the promontory

;

the membrane perhaps fixed to the descending process of the incus and
round the malleus to the promontory. On inflation the air enters with

difficulty and produces no change in the position of the malleus or membrane.
Improvement in hearing is either absent, or if slight, is of short duration.

Diminution of the noise is sometimes produced.

Prognosis.—Is extremely bad as regards hearing and tinnitus; deaf-

ness is never absolute, and the patient may become more or less used to

the noises, which may vary with the state of health. Operative measures
may produce improvement, if not in hearing, in tinnitus.

Diagnosis.—From the previous stages it may be diagnosed by the

fixation of the membrane, the obstruction of the tube, the paracusis, and
the slight improvement on inflation. The timing-fork and tone hearing

tests will distinguish it from internal ear disease, but we occasionally find

that the tuning-fork in these cases indicates a certain amount of internal

ear implication; the history of paracusis will be sufficient to stamp the

case as having originated in the middle ear, especially if other symptoms of

internal ear diseases are absent. True auditory vertigo does not occur.

Treatment.—It follows from the pathological condition that ordinary

local and general treatment is useless in effecting useful or any permanent
improvement in hearing or tinnitus. The treatment, however, describe
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under the previous stage should be given a fair trial. If the patient is

satisfied with the temporary and slight improvement which may be

effected, especially if lip- reading lessons are taken, ordinary methods of

treatment should be from time to time employed.

Before undertaking operative measures care must be taken that the

internal ear is intact, and it must be pointed out to the patient that

they are more or less of an experimental nature. It is well to fully

explain to the patient the true condition of things, and to leave it to him
to decide as to whether they should be undertaken. It is wise to first

operate on the ear which is more affected. These intra-tympanic operations

fall under three headings

—

(1) Those undertaken to relieve tension.

(2) Those undertaken to diminish undue flaccidity.

(3) Those undertaken to allow sound waves to reach the fenestrse direct.

None of them should be undertaken without strict antiseptic pre-

cautions.

(1) Those undertaken to relieve Tension.—These comprise division of adhesions,
section through the posterior fold, tenotomy of the tensor tympani, and division
of ligaments. These have not realised expectations, any improvement which is

produced speedily disappearing as soon as the inevitable healing takes place

;

therefore they may be placed on one side.

(2) Those undertaken in cases of undue Flaccidity.—When the membrane or some
part of the membrane is seen by inflation or the Siegle's speculum to be unduly
flaccid, due to atrophy or too energetic inflations, or the result of a cicatrix,

especially if marked improvement in hearing occurs when it is put on the stretch,

multipleincisions made through the flaccid partwith the ideaof producing cicatricial

contraction may be undertaken, but the result is often disappointing. Collodion
painted over the flaccid portion and adjacent meatal wall may be of benefit.

(3) Those undertaken to allow ofSound Waves reaching the Fenestras direct.—It has
long been known that the artificial perforation of the membrane will in some
cases produce great improvement in hearing, but as healing always takes place,

and no method of keeping the perforation open has yet been devised, some further
procedure becomes necessary. As to whether further proceedings should be
adopted exploratory tympanotomy is a useful guide, for if it produces improve-
ment in hearing or tinnitus, we are encouraged to proceed to more radical

measures ; but even if it does not, and given that the internal ear is intact, and
the case is not one of atrophy, we may, if the patient so desires, adopt the more
radical measures ; as it may mean that the absence of improvement is due to
fixation of the stapes, or to blocking of the round window to cicatricial tissue.

Exploratory Tympanotomy.—This little operation is best performed under gas
anaesthesia, by cutting a flap with its apex uppermost in the posterior and
superior segment, by means of a sharp-pointed knife, under a good reflected light.

Preliminary inflation of the middle ear may be useful in separating the
membrane as far as possible from the middle ear wall. Further procedures can
be divided into two stages

—

(a) Removal of the membrane, malleus, and incus, which if not productive of
improvement, even after an artificial membrane?has been tried, may be followed by

(6) Mobilisation or removal of the stapes, and removal of cicatricial tissue from
over the round window.

(a) The Removal of the Membrane, Malleus, and Incus.—This should be performed
under a general anaesthetic, the head being slightly raised on a pillow and turned
three-quarters over to the opposite side. A good reflected light is necessary. An
incision is made with a sharp-pointed knife, starting fl'ora immediately behind the
short process of the malleus, sweeping round as close to the periphery as possible
to a corresponding point on the anterior aspect of the short process. The handle
is then freed from adhesions which may be present between the membrane or
malleus and the promontory. The tensor tympani is then divided, either by
Delstanche's extract or by a small curved knife. The malleus is then seized as
high up as possible with a pair of strong curved forceps, being pulled first down-
wards to free it from the attic, and then outwards. The incus must then be
turned out from the attic by means of an incus hook, which being introduced
into the anterior part of the cavity, is rotated downwards and backwards, pushing
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the ossicle into the lower middle ear, when it may be removed by forceps or by
syringing.

Numerous incus hooks are made, the most useful being either Delstanche's,
Lake's, or Ludewig's. The middle ear should then be gently mopped out, a gauze
dressing should be lightly introduced into the meatus, and a general dressing and
bandage applied. If antiseptic precautions have been efficient, dressing will not
be required for a week or ten days. At the end of a fortnight or three weeks the
hearing power should be tested again, and the amount of tinnitus noticed. The
dressing should not be left out until healing is complete, when an artificial

membrane may be tried if no improvement results. Sometimes an adventitious
membrane forms across, annulling any good effect, and may require removal more
than once.

(b) Mobilisation and the Removal of the Stapes and the Removal of Cicatricial

Tissuefrom over the round Window.—Before these operations are performed the ear
should be allowed to heal soundly, allowing the condition of the inner middle wall
to be plainly seen. Adhesions binding down the head and crura of the stapes
should be divided with a fine sharp, shouldered knife, such as Politzer's, as close

to the ossicle as possible, under eucaine or cocaine, the stapedius muscle being
also divided, and the stapes mobilised by means of a suitable probe. If improve-
ment occurs, nothing more should be done ; if it does not, we may again try an
artificial membrane ; if this is ineffective we should remove adhesions obscuring
the round window as far as possible, a rather difficult procedure on account of the
anatomy of the part. If this is insufficient we must infer fixation of the base of

the stapes.

With regard to removal of the stapes more experience and investigation is

necessary.
If mobilisation has not been possible, attempted removal will, in all probability,

result in fracture of the crura, leaving the foot-plate still in position. The
attempted removal should be made by means of a fine hook introduced between
the crura from above, and with a gentle side to side movement. It may be that,

in the future, operations on the inner middle ear wall may be of benefit. A more
radical method has been proposed and carried out by Malherbe, who opens the
antrum from behind, divides adhesions in the middle ear, and introduces a
celluloid tube through the meatus into the antrum (Proceedings of the Sixth Inter-

national Congress of Otology, 1899) ; the results have not been brilliant, and until

further experience has been obtained it may be fairly stated that operations
through the meatus, as described, are equally efficient.

B. Atkophic Catarrh.—Fixation of Stapes.—The chief characteristics

of this form are the very gradual and insidious onset of deafness, with little

or no change in the membrane and no obvious cause in the nose or naso-

pharynx ; the majority of cases occurring in women between the ages of

twenty and forty.

Causation.—The causes are obscure in the highest degree. Heredity is

certainly an important factor. Occasionally a vague history of a bad cold

or series of colds is obtained as a starting-point. Some severe illness, such

as rheumatic fever, is thought sometimes by the patient to be the origin, and
occasionally chronic rheumatic affections are coexistent. Ana?mia is often

present. Parturition is intimately connected with this class ; the deafness

either apparently commencing after labour, or being made considerably and
permanently worse thereby.

Pathology.—This appears to be an atrophy of the lining membrane with

a marked tendency to the fixation of the base of the stapes in the oval

window, and sometimes implication of the internal ear in the later stages.

The onset is so gradual that pathological investigation in the early stages is

well-nigh an impossibility ; we are only familiar with the ultimate results

produced. On removing the roof of the middle ear affected with the

disease, the first thing that strikes one is the wideness, whiteness, and dry-

ness of the whole cavity, the contained structures being clearly defined.

Fine membranous septa in various parts can be seen, and are apparently the

atrophied remains of the folds of the lining membrane. A well-marked mem-
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brane is sometimes seen running up from the tendon of the tensor tympani

to the roof.

On microscopical examination the layers are atrophied, and the dis-

tinctive characteristics cannot be made out. The base of the stapes is fixed

to the oval window either by calcification or ossification of the ligamentous

ring, or by deposit of new-formed osseous substance upon the inner surface

of the foot-plate, and a complete bony union of the wall of the oval window
may exist (Politzer).

The condition is thought by some to be due to a trophic lesion, as, especi-

ally in the later stages, little or no injection of the malleal vessels takes

place on efficient inflation ; but this may be due to the fact that the vessels

share in the atrophic process, or are constricted. The fact that ganglion

cells are found in the lining membrane suggests that some change in them
may possibly interfere with nutrition. Trophic causes, however, will not

account for bony anchylosis of the base of the stapes, a condition which

points to some irritative periosteal cause. Thoma, in his work on pathology,

describes an atrophic catarrh in which the mucous membrane becomes

thinner and atrophied, and it must be allowed that such a process will most
readily account for the condition found.

"With regard to the secondary affection of the labyrinth, impairment of

function may result simply from disuse ; but in some cases, at all events,

further changes must exist. It may be that the atrophic process is con-

tinued to the cavity of the labyrinth with resulting decrease of secretion of

the intra-labyrinthine fluids, the perilymph in particular.

Some cases with symptoms closely resembling those seen in this group

have been found by Toynbee, Politzer, Bezold, and others, to be due to a

primary affection of the labyrinthine bony capsule, producing anchylosis of

the base of the stapes, without any pathological lesion of the lining membrane.
Symptoms and Signs.—The onset of the deafness is so insidious that, as

a rule, the patient does not come for treatment until the disease is well ad-

vanced. In some a slight hissing tinnitus was present for some time before

the deafness was noticed ; a gradual decrease of hearing in one ear, usually

the left, being unnoticed or disregarded until the other ear became seriously

affected, both ears then gradually becoming worse. In other cases the

patient's friends are the first to notice the diminution in function. The
tinnitus is often not distressing, the patient getting absolutely used to it, in

others it is one of the most prominent features. When the disease has

advanced considerably in both ears paracusis is a marked symptom. The
hearing is usually worse during a cold. Occasionally the disease appears to

stop short, or to progress very slowly, when the later stages are reached,

and complete stone deafness is never observed. On inflation a very slight

improvement in hearing is produced, but soon disappears ; and, as before

mentioned, little or no resulting injection of the malleal vessels can be seen.

In some the inflation may not be felt in the ear, although the diagnostic

tube clearly indicates that it has been successful. Attacks of true auditory

vertigo are not experienced. The Eustachian tube shows no signs of

obstruction, but, on the contrary, seems unusually patent, the air entering

very clearly and dryly. On examination the meatus is usually clear of

cerumen, in fact, patients sometimes complain that their ears seem dry.

On looking at the membrane the absence of gross changes is very marked

;

it often looks unusually bright, clear, and thin, with little or no signs of

depression. The membrane and malleus move freely with Siegle's specu-

lum. The nose and naso-pharynx in the majority of cases appear perfectly

normal ; sometimes the nose may appear dry, the patient stating that a
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handkerchief is not often necessary, and the lining membrane of the naso-

pharynx may appear thin, the lips of the Eustachian tube standing out
boldly, but it is never dry and glazed. There appears to be no connection,

as one would expect, between so-called atrophic rhinitis and this disease.

Paleness of the soft pallet with a blush on each side is usually present

(Urban Pritchard).

Prognosis.—This is always extremely bad ; no treatment has any power,
apparently, to check its progress ; the deafness goes from bad to worse, but
may stop short at some point, absolute deafness never resulting, the patient

being always able to hear something.
Diagnosis.—The age and sex of the patient, the insidious onset, the

appearance of the membrane, the absence of Eustachian obstruction, free-

dom and dryness of air-entry on inllation, the slight improvement produced
thereby, and absence of any cause in the nnse or naso-pharynx, separate

this from other middle ear diseases. The tuning-fork, etc., will distinguish

it from internal, and in those cases in which internal ear results are pro-

duced by the tuning-fork the presence of paracusis will give the clue. In

cases of primary disease of the labyrinthine capsule the pink lining mem-
brane can be seen through the nienibrana tympani

Treatment.—As before stated, we have as yet no treatment which has

any power to check the disease when once it has started.

The general health of the patient must be put in the best possible con-

dition. The local treatment is merely palliative, and even this must be

used with extreme caution or the patient will be made distinctly worse.

Occasional catheterisatinn with injection of paroleine, or inllation with the

bag, especially if a few drops of chloroform be previously introduced, pro-

duces a slight amount of improvement, and is a comfort to the patient.

The chloride of ammonium inhaler produces little or no benefit, except that

a tendency to colds is held in check.

Massage with Siegle's speculum in the ordinary way must be very

cautiously and gently applied, as in the great majority of cases it is dis-

tinctly detrimental. Too prolonged application of inflation or massage will

produce undue tiaccidity of the membrane, and so add to the trouble.

At the Sixth International Congress of Otology in 1899, Mink stated

that he had produced good effects by using Siegle's speculum in a modified

way. The membrane and malleus are first compressed by air, stopping

short of pain, before massage is applied ; this method, which aims at moving
the base of the stapes, has not received a fair trial.

With regard to operative intra-tympanic measures the general experience

is that they are contradicted, but perhaps it is only fair to say that those on
the stapes and inner middle ear wall are still on their trial. With regard

to artificial aids in the extreme stage, lip-reading lessons are of great value,

and may entirely alter the patient's outlook on life. Mechanical aids are

mainly useful for individual conversation ; when obtaining one, all varieties

should be tried ; as a rule, the ordinary speaking-tube will be of the greatest

sendee.

C. Changes peoduced by Variations in Pressure.—Negative Pressure

in the Tympanum.—Concerning this little is known, but the adoption of a

separate class for it is warranted by the deafness which occurs in those who
work under increased atmospheric pressure, such as deep-sea divers ; and in

those cases in which deafness results as a result of chronic mechanical ob-

struction of the tube, such as cicatricial contraction, pressure of tumours, etc.

It may be stated, however, that it is difficult to exclude the previous

forms of disease in these cases ; but, on the other hand, some of the changes
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described as having resulted from a chronic catarrh may be due to a long-

continued negative pressure.

Causation.—These are of two varieties :

—

(a) Long-continued or often repeated increase of atmospheric pressure

on the membrane.
(b) Non-aeration of the middle ear, owing to

—

(1) Mechanical occlusion of the tube by cicatricial contraction,pressure

of tumours, etc.

(2) Nasal obstruction due to any cause, especially when affecting

the inferior meatus, as this place is practically a continua-

tion of the mouth of the Eustachian tube.

(3) Paresis of the Eustachian muscles, as occurs sometimes after

diphtheria, preventing by their inaction proper aeration.

Pathology.—Of this we have nothing but conjecture to go upon, but it

can readily be conceived that if air is prevented from entering the middle

ear by the atmospheric pressure from without, or by obstruction from within,

a long-continued or often repeated negative pressure in the tympanum will

produce a chronic dilatation of the vessels of the lining membrane with

resulting hypertrophy of the tissues and fixation of the ossicular chain.

Symptoms and Signs.—Those of the hypertrophic class, plus the obvious

cause which exists apart from catarrhal conditions.

Prognosis.—This will depend, firstly, whether the cause can be removed

;

and, secondly, if removal is possible, on the results obtained by subsequent

aeration of the tympanum.
Diagnosis.—As far as can be judged at present this depends on middle ear

symptoms and signs combined with an obvious cause of non-aeration apart

from catarrh.

Treatment.—In those working under increased pressure care must be

taken that there is no hindrance to the entry of air through the tube. In

those cases in which non-aeration is due to obstruction in the nose or naso-

pharynx, removal of the cause, if possible, is indicated with subsequent

aeration of the tympanum. With regard to the removal of septal spurs or

hypertrophied turbinals, a good rule to observe is that they should not

be interfered with unless marked blocking of the inferior meatus is present,

or if the passage of the Eustachian catheter is interfered with. When once

the obstruction is removed and subsequent aeration fails to produce improve-

ment, the question of intra-tympanic operations directed to removing the

rigid ossicular chain may be considered.

D. Changes peoduced by Deficient Blood -Supply.—Of this form

little definite is known, but cases are met with in the later periods of life

when the clinical features—local and general—suggest that the impairment

of hearing may be primarily dependent on interference with the sound-

conducting apparatus due to defective nutrition of the soft structures of

the middle ear. The subjective symptoms are a gradual deterioration of

hearing power without tinnitus, one ear being usually more affected than

the other, and varying with the general health and condition of the patient.

On objective examination the membrane may be normal, but sometimes

looks thinner and clearer than usual. On inflation the Eustachian tube

is patent, but very slight if any improvement results, the injection of the

malleal vessels after inflation being also slight. With the Siegle speculum
the membrane and malleus often move well, but as a rule with no good

effect. When tested with the tuning-fork it will be found that the internal

ear is also impaired ; in some the internal ear impairment seems to pre-

dominate. Paracusis and true auditory vertigo do not occur. (In some
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cases Gardiner Browne's test gives a normal result, owing to the equal

impairment of both middle and internal ears ; this sign, first pointed out by

Urban Pritchard, is of great value.) With regard to the diagnosis of this

condition it must be admitted that it is usually difficult, even in the pre-

sence of marked evidence of general arterial disease, to clearly separate these

cases from those of senile nerve deafness (vide vol. i. " Auditory Nerve ").

The treatment in these cases is general ; no local treatment is of any service.

Tests for diagnosing Middle Ear from Internal Ear Disease.—
These are chiefly of two varieties :

—

(a) By comparing the air and bone conduction in the patient, or with

the normal, by means of a medium C tuning-fork.

These tests vary in detail, but are based on the broad fact that in any ex-

ternal or middle ear disease bone conduction is greater than air in the patient,

and is increased when compared with the normal, the converse holding in

internal ear affections. The tests known as "Weber's" and "Panne's" are

those usually employed. " Gardiner Browne's " and " Schwabach's " may be

of service as supplementary tests. These are described on page 87.

(&) By testing the range of tone hearing by means of tuning-forks,

Galton's whistle, Konig's rods, and musical instruments.

Broadly speaking, in middle ear disease high tones are heard better than

low, and this may be carried to such an extent that the patient can hear a

watch tick, and yet cannot hear thunder. In comparing watch and voice

hearing, the former is often heard, comparatively speaking, better than the

latter. In internal ear disease high tones are usually lost. Tuning-forks,

Galton's whistle, and occasionally musical instruments, are the means used

to determine these points (see p. 87).

LITERATURE.— 1. Text-Books on Diseases of the Ear by Politzer, Gruber, Schwa in z,

Pritcharp, M'Bripe, and Barr.—2. "Operative Interference in Chronic Non- suppurative

Middle Ear Disease," in Practitioner, May 1899, by A. H. Cheatle.—3. Descriptive Catalogue

of the Museum of the Sixth Liternational Congress of Otology, Loiuion, 1899. (Ed. by Jobson

Home and A. H. Cheatle.)
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Definition.— Eclampsia is the term applied to epileptiform attacks

occurring in pregnant or puerperal women, which are the manifestations of

a cerebral intoxication or over-activity arising as an indirect result of the

pregnancy. By thus defining eclampsia we wish to make it clear that it is

not a term to be applied to one particular form of convulsive attack which

occurs during pregnancy, but is rather to be applied to any form of con-

vulsive attack which may occur from any cause, provided that cause is

primarily due to the effects of pregnancy on the organism of the patient.

Frequency.—The frequency of eclampsia is rather a difficult matter to

ascertain. If the statistics of lying-in hospitals are followed the percentage

which is thus obtained will be too high, as there will always be found a

relatively greater number of primipara; than of multipara in hospitals, and

also as a patient is more likely to seek the aid of a hospital if she feels her-

self seriously ill than if she is expecting her confinement in her ordinary

health. The statistics of various British and Continental hospitals and

clinics give the following figures :—Amongst 227,000 patients there were
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635 cases of convulsions, i.e. a proportion of 1 case in 357"48. All these

cases may not have been eclampsia, but the proportion very closely corre-

sponds to that at the Eotunda Hospital, where amongst 11,958 patients

there were 36 cases of eclampsia, i.e. 1 case in 332-16.

Pathological Anatomy.—At the autopsies of patients who have died

of eclampsia a tolerably uniform series of pathological conditions are met
with in the various organs. The organ most constantly affected, and the

one whose condition is most closely connected clinically with the symp-
toms of the case, is the kidney. The next most constantly affected organ

is the brain, and after it the liver. There is, however, no one lesion which
has come to be definitely regarded in the light of a primary lesion. If the

various organs are examined one by one, the following changes are found :

—

Liver.—The surface of the liver is scattered over with patches caused by
ecchymosed blood. Some of these are the size of a pin's head, while others may be
half the size of the palm of the hand. On section the colour of the liver substance
is more yellow than usual, owing to varying lesions of the epithelium (Pilliet).

Haemorrhages, resembling the above subcapsular haemorrhages, are found scattered

round the portal interspaces. Under the microscope they are seen in three different

stages. In the first stage they consist of a circular area of dilated intralobular

capillaries, situated close to a portal space, and about the size of a grape-stone.

In the second stage these areas of engorgement have increased in size. Round
their periphery there is a ring of dilated capillaries, while the centre has become
necrotic, and consists of a mass of dead liver cells, blood corpuscles, vessels, and
fibrin. In the third stage the areas have still further increased, and in places

where they were near one another they have coalesced. In this way islands of

necrosis are formed surrounded by a small-celled exudation. From these areas
emboli of liver cells (Jiirgens)—of fat (Virchow)—may be carried to other organs.

With regard to the origin of the haemorrhages which produce these necrotic

areas there is a wide difference of opinion, as we shall see in discussing the various
theories of eclampsia. Here it is sufficient to say that they may occur in one of

several ways : first, as the result of the bringing to the liver, in the blood, of

some toxic substance—chemical or bacterial in origin—which destroys the liver

cells ; secondly, as the result of embolic infarction of the liver, the emboli coming
from the placenta, or being formed by the action of some coagulation-producing
ferment on the blood ; and thirdly, as the result of the rupture of small blood-
vessels during an eclamptic fit. Similar areas are found in the spleen, kidney,
pancreas, brain, and lungs.

Kidneys.—In from 90 to 95 per cent of cases the kidneys are affected, most com-
monlyby the condition known as pregnancy kidney. According to Leyden this is not
a true nephritis, but rather the result of simple anaemia, and is characterised by a
fatty infiltration of the renal epithelium, especially of the convoluted tubes. The
cause of this anaemia is attributed by Diihrssen, Spiegelberg, and others, to spasm
of the renal arteries, due to their reflex irritation by stimuli from the genital tract.

Such stimuli are furnished by the contractions or great distension of the pregnant
uterus, by the entrance of the head into the pelvis, and by the onset of labour.
Volhard attributes renal anaemia to the blocking of the nutrient vessels by emboli
caused by the action of some coagulation-producing ferment upon the blood.

Much more rarely the lesions of true chronic nephritis are found associated
with eclampsia, and in a very small proportion of cases the renal changes can be
attributed to the effects of obstructive suppression of the urine, due to pressure on
the ureters (Halbertsma).

The same areas of necrosis as are found in the liver are also to be sometimes
found in the kidneys, and can be attributed to like causes.

Spleen.— The spleen is enlarged, congested, and diffluent. Subcapsular
haemorrhages and similar areas of necrosis as are found in the liver are some-
times present.

Pancreas.—The pancreas also presents areas of necrosis, and may be markedly
anaemic.

Brain.—The brain is sometimes hyperaemic, sometimes anaemic. There is

usually marked oedema, leading to consequent flattening of the convolutions, and
minute haemorrhages may occur in various parts.

Lungs.—The lungs are congested, especially at their bases. There are also sub-
pleural ecchymoses, and emboli with necrotic areas are found as in other organs.
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Foetus and Placenta.—Somewhat similar conditions have been found in the liver

and kidneys of the foetus as are described as occurring in the mother. The
placenta is frequently the subject of white infarction, and it is suggested
that from these areas placental giant-cells may pass into the maternal blood
and cause coagulation, as well as acting as emboli.

^Etiology.—The number of theories which have been advanced to

account for the occurrence of eclampsia is sufficient evidence of the amount
of uncertainty with which the pathology of the disease is surrounded. The
most important of these are the following :

—

Frerichs' Theory.—Frerichs' theory, that eclampsia is due to the presence in the

blood of urea, or of carbonate of ammonium formed from urea under the influence

of some fermentative process, is untenable for several reasons. There has not
been found any storage of urea in the liver or muscles in the case of patients

who have died of eclampsia ; nor, in the case of those who recover, is there

any increased quantity excreted. Furthermore, urea has been injected into

the blood without causing convulsions. Bouchard even attributes a diuretic

effect to it, and under his advice Pinard employed it, as a hypodermic injection,

in 1887, in the case of anuric eclamptics. The carbonate of ammonium theory
has been overthrown by Bernard, who demonstrated the fact that it was present

in the same proportion in the blood of a healthy man as in that of an eclamptic.

Stumpfs Theory.—Stumpf's theory, that the fits are due to the circulation

in the blood of some poison produced by an abnormal decomposition in either

mother or child, has received a certain amount of revived support of late.

Stumpf considers that, "under abnormal processes of decomposition, a substance
free from nitrogen, toxic in its action, perhaps acetone, or a body resembling

'

it which reacts to the same tests, may be formed. That this body produces by its

excretion an irritation of the kidneys which may eventually lead to nephritis, has
a destructive effect upon the colouring matter of the blood, greatly alters the

activity of the liver cells, causes sugar to appear in the urine, and produces the

destruction of the parenchyma of the liver leading to acute yellow atrophy of

the organ with the formation of tyrosin and leucin, and induces coma and con-

vulsions from an irritation of the brain." Fehling has quite recently lent support
to this theory. According to him it may be that the metabolism of the foetus and
the transference of the final products into the maternal circulation are of more
importance than has hitherto been supposed. The nephritis of pregnancy is, he
thinks, most probably not the cause of eclampsia, but the first sign of intoxication,

of which eclampsia, if it supervenes, may be the second. The fact that the foetus

almost always dies in these cases, the predisposition to eclampsia in the case of

multiple pregnancy, and the improvement in the prognosis for the mother which
the death of the foetus affords, are all in favour of the supposition of the cause of

eclampsia being produced in the foetus. Schmorl ascribes eclampsia to an intoxi-

cation by coagulation-producing ferments which originate in the placenta.

The TJrinaemic Theory.—The theory which is perhaps the most widely adopted at

present is that the fits are due to the retention of the normal urinary toxines

owing to the failure of function on the part of the kidney, i.e. that they are

a symptom of urinsemia. To such a poisoning all the constituents of the urine

would contribute. Coincidently with the onset of the premonitory symptoms of

eclampsia the urine has been found to diminish in toxicity. It also diminishes in

amount, so that there must be a consequent retention of the normal urinary

toxines in the body. Coincidently with the recovery of the patient the toxicity

of the urine increases, as also does the total amount of urine passed. The fact

that eclampsia so frequently occurs in patients suffering from renal disease, and
that it rarely or never occurs when this condition has been so treated that urinary
suppression does not occur, are strong points in favour of this theory ; while, on
the other hand, the latter furnishes no explanation of the morbid appearances
which are met with in the liver. Neither does it account for those cases—about
five per cent of the entire number—in which there is no evidence of renal disease.

The necrotic areas in the liver may, however, be the result of increased blood-

pressure occurring during the attacks, while those cases in which there is no renal

disease can be explained by the neurotic theory.

Bouchard's Theory.—Bouchard's theory—the so-called auto-intoxication theory

—though that term will also apply to the last—attributes eclampsia not only to a

failure of function of the kidneys, but also of the liver. As a result intoxication

occurs, not only from urinary extractives, but also from biliary substances which
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remain in the blood, and from ptomaines which are no longer destroyed in the
liver. Auvard and Riviere add to this theory the effects of the failure of elimina-
tion in the skin and lungs, while Bouffe de Saint-Blaise considers the hemorrhagic
infarcts of the liver as the pathognomonic lesion of eclampsia, to which even the con-
vulsions themselves are of secondary importance. The cause of this lesion, he
thinks, may be found in some chemical or septic toxine which is formed in the
intestine and is brought to the liver by the blood. There can be no doubt that
hepatic as well as renal incompetence plays a certain part in the pathology of
eclampsia, but whether this incompetence is primary or secondary is extremely
doubtful. All that can be said on this point is that there is far more reason for
considering renal incompetence primary than there is for considering hepatic
incompetence so. And if a doubt exists as to the primary nature of the former, it

a fortiori exists as to the latter.

The Bacterial Theory.—The bacterial theory of eclampsia has never made much
advance, although it has had from time to time strong supporters. Herrgott
attributes some cases to such a cause, while Stroganoff strongly upholds the view
that eclampsia is a contagious disease.

The objections to a bacterial theory are

—

(1) That eclampsia is never an epidemic disease.

(2) That it is more common amongst primiparee than amongst multipara.
(3) That no bacterium constant in its presence or capable of reproducing

the disease has been isolated.

The Neurotic Theory.—The neurotic theory attributes eclampsia to a heightened
irritability of the nerve-centres, or to excessively strong stimuli from the uterus
(eclampsia reflectorica). This theory—to which support is given by instances of
eclampsia which show the influence of heredity or of a neurotic disposition—will
explain those cases in which no evidence of renal disease can be found. Ribemont-
Dessaignes and Gu^niot bring it to the assistance of the renal auto-intoxication
theory as furnishing the necessary predisposing factor by the concurrence of
which poisoning by urinary extractives can cause the onset of eclamptic attacks.

In addition to these theories there are certain facts which are known to

predispose to eclampsia. These are :

—

(1) Acute and chronic disease of the kidney, especially that form known
as pregnancy kidney.

(2) Obstructed delivery.

(3) A neurotic temperament, especially if hereditary.

(4) Old and very young primiparae.

(5) Long retention of the excretions.

(6) Multiple pregnancy.
The foregoing are the principal theories on the causation of eclampsia,

and the known predisposing facts. Taking into consideration the great
number of the former which have been brought forward, and for the
majority of which there is some support, it seems most rational in the
present state of our knowledge to consider eclampsia, not as the result of one
definite condition, be it of the liver, or of the kidney, or of the higher
centres, but rather as the result of the undue stimulation of the nerve
centres by toxic substances—the direct or indirect result of the pregnancy
—circulating in the blood, or of peripheral irritation from the genital tract.

In each patient the nature of the toxine or of the peripheral irritant may
differ, and with it the special symptoms of the case, but in each the patho-
gnomonic symptom will be the occurrence of convulsive attacks. Looking
at the origin of eclampsia in this light we find that its causes can be classified
in general terms in the following manner :

—

I. The poisoning of the nerve-centres by toxic substances circulating in
the blood owing to

—

(1) The accumulation of normal toxines in the blood from failure of the
renal, hepatic, or intestinal eliminatory functions, due to pre-
existing disease of these organs. '

,

(2) The excessive formation of normal toxines, or the formation of abr
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normal toxines, either in the mother or the foetus, which in their

process of excretion through the kidneys cause nephritis, and
hence a diminished renal function, and hence a further increased

amount of toxines in the blood.

II. The over-activity of the nerve-centres, due to

—

(1) Their over-excitability to normal stimuli, as in the case of hysterical

patients or epileptics.

(2) Their over-irritation by excessive stimuli, as in the case of obstructed

labour, very painful labour pains, very old or very young primiparse.

Symptoms.—The symptoms of eclampsia must be considered under two
heads :

—

(1) Prodromal.

(2) Actual.

(1) Prodromal Symptoms.—The first prodromal symptom of eclampsia

may be said to show itself the moment a pregnant woman passes urine

containing albumin, if previously her urine was healthy. In this connec-

tion the following rule may be given. It is advisable to examine the urine

of every pregnant woman during the sixth and seventh month, and to

ascertain the amount passed in twenty-four hours. It is absolutely necessary

to do so if from her history or appearance we have any grounds for suppos-

ing that she may be suffering from Bright's disease. The more immediate

prodromal symptoms of eclampsia occur a short time before the onset of the

fits, in the great majority of cases. The earliest possible recognition of these

symptoms is a matter of necessity, as by so doing it is possible in many
cases to completely ward off the threatened attack. They consist in com-

plete or partial, temporary or permanent loss of vision, flashes of light before

the eyes, vertigo, headache, drowsiness, mental depression, nausea, constipa-

tion, and epigastric pain. Coincidently with the foregoing the amount of

urine passed is markedly diminished, and the amount of albumin in it

increased.

(2) Actual Symptoms.—The actual symptoms commence with the onset

of the fits. Eclampsia rarely or never is met with before the sixth month.

It most commonly occurs between the eighth month and full term, and

sometimes starts during the puerperium. A fit lasts from one to one and a

half minutes, and consists of three stages—a preliminary stage, a tonic stage,

and a clonic stage, followed by a varying period of coma. The preliminary

stage lasts from a half to one minute. It consists of various convulsive

movements of the head and facial muscles. The eyelids twitch vigorously,

the eyeballs are deviated to the left and upwards, the nostrils quiver, and

spasms of the muscles of respiration occur. The tonic stage then commences
and lasts from fifteen to twenty seconds. The patient becomes rigid, the

head thrown backwards and to the left, the trunk in a position of opistho-

tonos. Eespiration is arrested, the jaws are tightly clenched, and the tongue,

which was protruded in the preliminary stage, may be violently bitten. The

clonic stage follows, and lasts a varying period, the tonic spasms passing off

gradually, and being replaced by sharp rhythmical movements—the patient
" works." Finally, the clonic movements cease, respiration returns, and the

patient lies in a condition of deep coma. The duration of the coma varies

according to the number of fits which the patient has had. At first it only

lasts for a few minutes, but as the number of the fits increase it lasts in the

intervals between them. The number of fits vary greatly. The patient

may only have one, while on the other hand as many as a hundred have

occurred. They may pass off entirely for a time, and then recur. In a

severe case they follow one another at ever shortening intervals. In such



ECLAMPSIA 177

a case the heart's action soon becomes affected, and is frequent and weak,

and finally intermittent. The lungs are also involved, and become con-

gested, partly as a result of the failure of the heart, and partly from the

irritation caused by the entrance of particles of food and mucus—degluti-

tion pneumonia. The temperature, which at first was normal, gradually rises

as the fits recur, and may finally reach a height of 104° F. Total or partial

loss of vision is also of frequent occurrence. There is almost complete

suppression of urine and constipation.

Diagnosis.—The foregoing description of an eclamptic attack is the

description of a typical case. It must be borne in mind that the greatest

divergence from this type may be met with, and that the attack may assume
the most atypical forms. For this reason too much reliance must not be

placed on the form of the convulsion in making a diagnosis of the nature of

the case. More information will be obtained by studying the prodromata,

the history of the case, and the attendant symptoms.
Eclampsia must be distinguished from epilepsy, hysteria, drunken

delirium and coma, and the coma and convulsions of meningeal and cerebral

disease. As a general rule, it may be stated that every form of convulsion

in a pregnant woman who is suffering from renal disease should be regarded

as eclamptic in origin until the reverse is proved. Epilepsy may be recog-

nised by the history of former attacks, by the absence of the usual

eclamptic prodromata, by the initial epileptic aura, by the sharp onset of the

convulsive seizure, and by the usually complete absence of all renal symp-
toms.

Hysteria is recognised by the extreme irregularity of the convulsion, by
the absence of respiratory spasm and of all actions which would hurt the

patient, the absence of loss of consciousness, and the passage of large

quantities of pale urine.

Alcoholic coma and delirium may be suspected from the history of the

case, and the spirituous odour of the breath. It can be definitely recognised,

as it gradually passes off, and does not recur. The urine also is probably

free from albumin.

The coma and convulsions of meningeal and cerebral disease may be

indistinguishable from those of eclampsia if the history of the onset of the

case cannot be obtained. It must not be forgotten that the two conditions

may coexist, as cerebral hseniorrhage occasionally occurs in the course of

eclampsia.

Complications.—The principal complications of eclampsia, if indeed

they can be considered as such, and not rather as integral parts of the

disease, are failure of the heart and consequent oedema of the lungs.

Cerebral haemorrhage may occur from the rupture of a vessel during a fit,

or even after the fits have ceased. Septic pneumonia may result from the

inspiration of foreign bodies into the lungs.

Treatment.—The treatment of eclampsia must be considered under two
heads :

—

I. Prophylactic treatment.

II. Curative treatment.

I. Prophylactic Treatment.—Prophylactic treatment must be adopted in

the case of every pregnant woman who has persistent albuminuria, especially

if the urine also contains tube-casts. Such treatment must be carried out

still more rigorously if any of the other prodromata of eclampsia appear.

The importance attributed to prophylaxis will be shown by the following

opinions :
—

" When a patient suffering from albuminuria has been on

vol. in 12
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milk diet for a week, she almost to a certainty escapes eclampsia " (Tarnier).

" Eclampsia occurs almost exclusively in women whose urine has not been

examined during pregnancy " (Eibemont-Dessaignes). " The author has

never yet seen a case of eclampsia occur amongst the numerous cases of

kidney of pregnancy where this method (i.e. prophylactic treatment) has

been adopted during pregnancy " (Diihrssen).

It is practically impossible, and it is rarely necessary, to enforce an

absolute milk diet from the date at which renal disease is first recognised, i.e.

about the six month, to the end of pregnancy. It will usually suffice if

milk and other fluids are made to take a great share in the dietary. In

addition fish, white meat, eggs, and vegetables may sometimes be allowed.

If milk diet is not an absolute essential, the due regulation of the ehminatory

functions of the body is. The bowels must be freely moved each day, the

skin must be encouraged to act by frequent warm baths, and the amount of

urine passed daily must be noted. The dietary of the patient and the daily

amount of urine should be in direct proportion to one another. The
freer the action of the kidneys the more liberal may be the dietary. The
moment the former show any signs of failure the latter must be reduced

to milk alone, to be cautiously made more varied as the renal action im-

proves.

If the urine diminishes to a marked extent, and any of the prodromal

symptoms of eclampsia appear, a hydrogogue purgative must be at once

administered. At the same time, to increase the action of the skin, hot

baths and wet packs must be ordered, and the patient kept wrapped in

blankets. A suitable purgative to administer in these cases consists of

calomel 10 grs., combined with pulv. jalapee co. 1 drachm, and followed,

if necessary, as is sometimes the case, by an enema at the end of six

hours.

II. Curative Treatment.—The curative treatment of eclampsia is directed

in the main towards two principal points :

—

(1) The arrest of the fits.

(2) The staving off of complications.

(1) The Arrest of the Fits.—The fits must be checked at the earliest

possible moment, as each successive attack leaves the patient more liable

to fall a victim to the complications of a failing heart and cedema of the

lungs. There are three ways of attaining, or of endeavouring to attain, this

end :

—

(a) By administering sedatives.

(b) By removing toxic substances from the blood and tissues.

(c) By emptying the uterus.

(a) By administering sedatives.—There are two distinct lines of treat-

ment which fall under this head—the chloral and chloroform treatment,

and the morphia treatment.

The chloral and chloroform treatment consists in administering, upon

the onset of an attack, 30 grs. of chloral hydrate by the rectum, and

repeating it every two hours until the fits cease. Up to 3| drachms may
be given within twenty-four hours, but not more. The inhalation of

chloroform is commenced as soon as any sign of the onset of a fit is noticed,

and is continued until the fit is over. The great objection to this line of

treatment is that we are administering drugs which have a depressant effect

upon the heart, and which consequently tend to favour the occurrence of

heart failure.
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The morphia line of treatment was first introduced by G-. Veit. It is

the treatment which the writer recommends, as he considers it superior

to the chloral and chloroform treatment. It consists in the adminis-

tration of half a grain of morphia hypodermically as soon as a fit occurs.

A quarter of a grain is then administered every two hours until the fits

cease, but not more than three grains are given in twenty -four hours.

Morphia will check convulsions quite as rapidly as chloroform, as statistics

show, while at the same time it has not the same depressant effect upon the

heart. Its reputed bad effect in renal disease is certainly not met with in

eclampsia.

(b) By removing toxic substances from the blood and tissues.—The
rapid removal of toxic substances from the organism of the patient is a

matter of the greatest importance, inasmuch as it is apparent that even if

they are not the actual cause of the convulsions, they are always present in

large quantities, and their removal is attended by almost immediate im-

provement. Their removal is effected in the main by promoting the

excretory functions of the body. With this object cathartic purgatives

are administered. The calomel and jalap powder, as recommended above, if

the patient is conscious, is the best purgative. If, however, she is comatose,

it is useless to place bulky medicine in her mouth, as it would not be

swallowed. In such a case two minims of croton oil made into a bolus with a

little butter, and placed as far back upon the tongue as possible, may reach the

stomach. A soap and water, or castor oil and turpentine, enema should also

be given if necessary. At the same time the action of the skin must be

encouraged. The patient must be kept in blankets, and hot baths ad-

ministered if possible. If the latter are not possible, a wet-pack or hot-air

bath may be tried instead. The amount of urine excreted may be increased

by applying hot stupes over the kidneys, while abundance of fluid by the

mouth—if the patient is conscious—will also be of use. Diuresis, or at any
rate the dilution of the poison, can also be obtained by intravenous or sub-

cutaneous injections of saline solution. For this purpose a solution of the

strength of a teaspoonful of common salt to the pint of water is generally

used. The same quantity of a mixture of equal parts of bicarbonate of

potash and common salt is considered to be better on account of its superior

diuretic effect (Jardine). From two to three pints are injected at a time,

and repeated as is thought necessary.

In conjunction with saline injections, venesection, to the amount of

17 ounces, has been recommended, with the object of removing some of

the toxine- laden blood, which is then replaced by the saline fluid.

Whatever may be the value of venesection in attaining this object, it is

undoubtedly of use in those cases in which there is marked engorgement of

the right heart and pulmonary circulation (Fehling).

(c) By emptying the uterus.—Emptying the uterus is said to be a

certain method of checking the fits (Diihrssen). The author would prefer

to modify this statement by saying that if the patient survives the emptying
of the uterus, whether by artificial or natural means, she will almost certainly

recover. In other words, the prognosis of the case becomes most favour-

able when the patient is safely delivered. On the other hand, uterine

contractions or operative interference will for the time increase the fre-

quency and violence of the fits in the same manner that any other violent

movement or emotion will increase them. If the fits can be checked
before labour comes on the prognosis of the case is improved. If labour

comes on before the fits are checked, the shorter the duration of labour
the better the prognosis will be. If the fits continue in spite of all treat-
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ment, and labour does not come on of its own accord, the uterus had
better be emptied. In such a case the prognosis cannot be made worse,

while it may be improved. Following this reasoning, it seems best not to

induce labour unless all other means of checking the fits fail. While if

labour comes on spontaneously its duration should be .shortened as far

as possible without adopting too violent measures, that is to say, apply

the forceps as soon as the necessary conditions for its application are

present.

If it is determined to empty the uterus before the onset of labour, the

os is dilated by deep incisions (Duhrssen), or, in the case of multiparas in

whom the cervix is long, by combined digital and instrumental dilatation.

If the foetus is dead its extraction may be facilitated by performing

craniotomy.

(2) The Staving off of Complications.—Complications can to a great

extent be avoided by means of intelligent nursing, and by paying the

greatest attention to details. "While the patient is in a fit she must not be

allowed to bite her tongue or otherwise hurt herself. Biting of the tongue

is a common accident. Its occurrence can be prevented by the use of a gag

of some form placed between the teeth during the fit. A very serviceable

gag can be rapidly made by wrapping a towel or other piece of cloth round

the handle-end of a spoon. All feeding by the mouth must be stopped

while the patient is unconscious. If it is necessary to administer nourish-

ment while she is in this condition, nutrient enemata must be given. The
position of the patient must be such that all fluid which tends to collect in

the mouth will trickle out at the side of it, instead of running down into

the lungs, i.e. she must lie upon her side and not upon her back. If

the heart becomes weak and rapid, digitalin and strychnine may be

administered hypodermically.

Prognosis.—The prognosis for both mother and child in eclampsia is

bad, especially for the latter. For the mother the prognosis varies accord-

ing to the time at which the fits start. It is worst when they commence
during pregnancy or labour, it is best when they commence during the

puerperium. The greater the number of fits the worse the prognosis. As
a rule the occurrence of ten fits constitutes a very severe case. If the child

dies, the maternal prognosis is improved (Winckel). The amount of urine

passed and the quantity of albumin in it, the presence or absence of

marked constipation, the temperature, and the condition of the heart and

lungs, are also important guides.
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There is probably no pathological condition of which more has been learned

within recent years than extra-uterine pregnancy. To the late Mr. Lawson

Tait is due the honour of having, twenty years ago, commenced a scientific

investigation of the condition, and of having devised satisfactory methods of

dealing with it. But the abnormality was recognised even centuries ago,

and the earliest writers mention this form of fcetation as a curiosity,

although they offer no explanation as to its cause. The remarkable book

by Parry, published in 1876, in which he recorded 500 cases, was, however,

that which gave the first impetus to the advance of our knowledge of

ectopic gestation. Several cases had been operated on before this time, but

it was not till Lawson Tait operated in 1883 that a definite attempt was

made to check the haemorrhage from a recently ruptured extra-uterine

pregnancy, and so save the life of the mother.

Under ordinary circumstances the normal site for the growth and

development of the impregnated human ovum is within the cavity of

the uterus. But it not infrequently happens that the ovum develops

outside the uterus, and when tnis occurs, no matter whether it be found

in the Fallopian tube, in the uterine wall, or elsewhere, the condition

is known as " Extra -Uterine Pregnancy," or better as "Ectopic Gesta-

tion." (French, Grossesse extra-uterine ; German, Extra uterinschwanger-

schaft.)

For purposes of description and discussion it is convenient to group

these ectopic gestations under three distinct heads: 1. Abdominal; 2.

Ovarian ; 3. Tubal.
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I. Abdominal.—The possibility of the occurrence of a primary gesta-

tion sac free in the peritoneal cavity has been denied by many authors. It

is conceivable that a spermatozoon, after worming its way up through

the uterine cavity and through the whole length of the Fallopian tube,

might at last emerge from the fimbriated end, and meeting an ovum
which had remained free in the peritoneum, might fuse with it. This

is certainly conceivable, but its rarity is such as to practically put it

out of court at once as unworthy of consideration. It is certainly of

no practical importance, and is to be regarded purely as a curiosity.

Very few observations as to the possibility of its occurrence have been

made, but the case of Schlectendahl seems to indicate that it might

occur.

II. Ovarian.—This form of ectopic gestation is also rare, and its

possibility is denied by many ; however, it is difficult to disprove the cases

recorded by Leopold, Patenko, and Martin.

Leopold removed a pelvic tumour of twenty-five years' standing, which

proved to be an ovary containing a lithopoedion.

Patenko removed an ovary the size of a hen's egg ; it contained a cyst

in which were found foetal bones.

Martin of Berlin has also recorded two similar cases, and advances the

suggestion that the spermatozoon finds its way to the abdominal ostium of

the tube into one of the recently ruptured follicles on the surface of the

ovary, and that there it coalesces with the ovum.
But for all practical purposes tubal is the only primary form, and falls

now to be considered in detail.

III. Tubal.—(a) Causes.—The conditions which lead to the production

of this abnormality are various ; and first one meets the unsettled difficulty

of determining where impregnation normally takes place. The older

writers believed, and some modern authorities agree with them, that im-

pregnation usually took place in some part of the Fallopian tube, whereas

recent writers allude to impregnation as more frequently occurring in the

uterus itself. Indeed, Lawson Tait goes the length of stating that it never

normally occurs elsewhere. As to the actual causes which bring about the

development of a fertilised ovum in the Fallopian tube, prominence distinctly

has been given to inflammatory changes in the tube itself, destruction of

the cilia—desquamative salpingitis,—and that there is truth in this is

proved by the numerous cases in which tubal pregnancy occurs in patients

who have suffered from tubal disease. Bland-Sutton, however, and Taylor

hold that this condition as a cause does not exist. The former, indeed,

goes the length of saying that a healthy Fallopian tube is more likely to

become gravid than one that has been diseased. Tait gives a very inter-

esting account of his theory, showing that as the action of the cilia in the

tube is from the ovary down to the uterus, the onward movement of the

ovum is facilitated, while the upward movement of the spermatozoon is

materially interfered with. In a case, however, of desquamative salpingitis,

where the cilia are absent, the spermatozoon easily enters the tube and

reaches the ovum, which is fertilised and develops there. It has, however,

recently been proved that the movement of the cilia in the uterus is from. 1

above downwards, and not from below upwards, as has been previously

supposed, so that Tait's ingeniously simple theory cannot now be

accepted.

Congenital deformity of the tubes, showing itself in excessive tortuosity,

or the presence of a diverticulum, no doubt acts occasionally in producing

the condition; and, further, a simple inflammatory swelling of the mucosa is
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no doubt a cause of obstruction to the onward passage of the ovum, especially

in the middle and outer segments of the tube.

Cases have also been recorded, but they are, of course, rare, where a

polypus or a myoma has acted as a valve, and so blocked the inner end of

the tube.

In addition to this, it is true that abnormal development of the tube,

causing decreased muscular power and peristaltic movement, may delay the

passage of the ovum.
(b) Varieties.—The Fallopian tube, considered anatomically, naturally

divides itself into three distinct parts :

—

1. Interstitial,—that part of the tube which lies in the thickness of the

uterine wall.

2. Infundibular,—the expanded part of the tube close to the fimbriated

extremity.

3. Ampullar,—the main portion of the tube which stretches between
the two first-mentioned parts.

These three parts of the tube give their names to the three forms of

tubal pregnancy, according as the ovum settles in one or other of them.

We must now discuss each of these forms in turn.

1. Interstitial tubal pregnancy or tubo-uterine is really not ectopic

pregnancy at all. Taylor very correctly divides tubo-uterine pregnancy
into two varieties :

—

(1) Primary interstitial pregnancy.

(2) Secondary, caused by invasion of the uterine wall by a growing
tubal pregnancy.

Many cases of so-called interstitial pregnancy have been recorded, but

they are generally by older authors, and recent specimens of true tubo-

uterine pregnancy are extremely rare, and probably these early recorded

cases have been really cornual pregnancies.

In this variety the environments of the gestation sac differ from those

in ampullar and infundibular pregnancy. -The muscular fibres hyper-

trophy, and though rupture is almost inevitable, it does not occur so early

as in the two other forms. Occasionally the foetus escapes into the uterus,

and is either expelled at once or goes on to full time, and is then born in

the natural way, but definite proof of these possibilities has never been
obtained.

Eupture much more frequently occurs into the abdominal cavity with
profuse haemorrhage and a fatal termination in a very short time.

It is unquestionably the most dangerous of all the forms of ectopic

gestation, fatal rupture generally occurring about the fifth month.
It has been observed that in this variety a remarkable asymmetry of the

uterus is found, due to the invasion of the fundus uteri by the growing
ovum, and on this account the condition may have been mistaken for a
cornual pregnancy.

2. Infundibular Tubal Pregnancy.—The ovum may become implanted
in the outer third of the Fallopian tube in the infundibulum, and in such
cases various possibilities present themselves.

The abdominal ostium is not so liable to become hermetically sealed in

this as in the other varieties, so that free haemorrhage may occur from the

seat of the pregnancy into the abdominal cavity. Occasionally the ovum
is so lightly attached within the fimbriated extremity that it is extruded
entire into the peritoneal cavity accompanied by haemorrhage, but without
any actual rupture of the tubal walls. This condition is known as tubal

abortion. The ostium is found enlarged and patulous, and the abortion lies
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in the free blood in the abdominal cavity. On the other hand, when the

ovum is situated near the fimbriated extremity its life-history may be the

same as that of an ampullar pregnancy (to be considered later), resulting

in development within the tube, rupture, intra-peritoneal or extra-peritoneal,

or the formation of a tubal mole.

3. Ampullar Tubal Pregnancy.—This variety, in which the ovum is

implanted in the middle portion of the tube, is the commonest of all, and
the changes which take place in and around it fall now to be discussed

in detail. These changes are, to a greater or less extent, common to all

varieties of tubal gestation.

During the first few weeks the portion of the tube which contains the

impregnated ovum becomes very much swollen and extremely vascular.

The muscular tissue is also hypertrophied, but after the sixth week, and
indeed, in some cases from the very commencement of pregnancy, a pro-

cess of thinning sets in. The mucous membrane becomes stretched,

and its plicae disappear, while the muscular tissue becomes thinned

and to a certain extent replaced by fibrous tissue. As the pregnancy
advances the wall of the tube appears as a mere transparent membrane
composed of the attenuated layer of muscular and fibrous tissue and of

peritoneum.

At the same time important changes are taking place at the abdominal
ostium. It shares in the congestion and swelling of the parts ; the fimbria?

become turgid ; the peritoneum surrounding the ostium becomes more and
more swollen, until it projects as a ring beyond the fimbria?, and finally

about the eighth week contracts and hermetically closes the ostium. The
condition of the ostium affects the subsequent history of the pregnancy, for,

although a gravid tube with a patent abdominal ostium may rupture, there

is always a possibility of " tubal abortion." If the ostium is occluded

rupture is inevitable. The changes at the uterine end of the tube have not

been so thoroughly investigated, but in a few instances the lumen has been
found patent.

In all probability, until there is some attempt at a differentiation of the

placental site, the ovum is freely movable. But afterwards, if the ovum
goes on growing and a placental site is determined, the relations between
the ovum and tube become very close and intimate. The ovum is soon

embedded in the thickened mucous membrane, which gradually loses its

characteristic plica?, but probably no genuine decidual tissue is formed
as was originally suggested by Webster. Where the ovum settles the

chorionic villi dip into the mucosa as they do in ordinary pregnancy into

the decidual serotina. The fetal membranes develop exactly as in the

case of intra-uterine pregnancy. In a normal pregnancy the placenta is

composed almost equally of decidua serotina and chorion frondosum, but in

tubal gestation " the mucous membrane plays a very insignificant part, the

placenta being mainly if not entirely derived from the foetal tissues"

(Bland-Sutton).

Until primary rupture takes place the placenta is developed entirely

in relation to the mucous membrane lining the tube, but after this event,

if the pregnancy still goes on, important modifications take place.

The effects of rupture on the placenta have been especially studied by
Hart, who points out that if the embryo be situated above the placenta

the latter becomes depressed between the layers of the broad ligament
until it reaches the pelvic floor. If, on the other hand, the embryo is

below the placenta, the latter is pushed up until it lies high in the abdo-

men.
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From a study of extra-uterine placentae Hart points out that in tubal

gestation the villi are embedded in decidual cells ; there is no inter-villous

sinus system, but large sinuses are found in the muscular wall. When the

placenta is displaced from extra-peritoneal rupture, it becomes damaged
and is reduced to a mass of compressed villi, and its function is extensively

impaired. The placenta sustains the least damage when the embryo is

situated above it, because then there is less displacement, and further, when
the placenta grows up into the abdomen there is much greater risk of intra-

peritoneal rupture and of fatal hemorrhage.
With regard to the effect on the foetus of the changes in the site and

development of the placenta, the placenta performs its function inefficiently

in any case, but when situated below the embryo, in the mesosalpinx, the

nourishment of the child is not so greatly interfered with.

A foetus, even when delivered by the surgeon at or near full time, rarely

lives more than a few days or weeks, and is defective in size, or presents

some more or less evident malformation.

During the early weeks of extra-uterine pregnancy changes of hyper-
trophy and development are also in progress in the uterus itself, similar to

those which occur during the early months of a normal pregnancy. The
organ increases in size up till the third month of extra-uterine pregnancy,
and although no decidual membrane forms within the Fallopian tube
around the growing ovum, a thick, soft, spongy decidua develops within the
uterine cavity. This decidua is often expelled ; it may be entire, when it

is a complete cast of the interior of the uterus—the inner surface smooth
and the outer surface rough and shaggy—or it may be discharged in

fragments. This passage of decidual membrane in whole or in part is a
most important sign in diagnosis, as we shall see later. The time when the
membrane is passed varies. It is very seldom that it is retained until full

term and passed when false labour sets in. More frequently it is dis-

charged in the early weeks, whether the gestation goes to full term or not.

Its passage may be accompanied by hemorrhage and pain, but the pain
may be entirely absent. The author's own experience has not led him to

associate the passing of the decidua with any special change in the

pregnancy.

Further History of a growing Tubal Pregnancy.—The possible results of

a tubal pregnancy are shown in the following table :

—

1. The ovum may die early in the tube owing to its foreign surround-
ings, and as a result may form a hematosalpinx and a tubal mole, or

may be the cause of an intra-peritoneal hematocele.
2. The tube may rupture.

(a) Early rupture—2nd to 6th week. Woman has some shock, but is

not seriously ill, and may recover quickly. Foetus, etc., is absorbed.

(/3) Later rupture—8th to 12th week.

(1) Into peritoneal cavity. Woman usually dies in a few hours if

not operated upon. If mother survive : (a) Foetus may live and may go
on to full term if placenta remains attached. (&) Foetus more often dies
and becomes absorbed ; lithopoedion, etc.

(2) Between layers of broad ligament. Woman seldom dies : (a) Foetus
may live and grow, becoming subperitoneo-pelvic, and later subperitoneo-
abdominal. (b) Foetus may die and undergo any of the usual changes,
(c) Sac may rupture a second time intra-peritoneally, and this is usually
fatal to the mother.

1. Tubal Mole.—During the development of a tubal pregnancy the
life of the foetus is in constant danger, and is especially so until the foetal
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membranes are well formed. The chorionic villi have but a loose attach-

ment to the tube and are easily separated. Haemorrhage into the sac or

between the membranes may occur and prove fatal to the continuation of

the gestation. This when it takes place very early (from the first to the

third week) is the most favourable termination possible for the pregnancy,

and may give rise to practically no symptoms whatever, and the patient

may experience no discomfort. Such an apoplectic ovum appears at first

sight as simply a blood-clot, but such bodies are known as " tubal moles,"

and careful examination reveals their true character. If the pregnancy is

further advanced when the haemorrhage into the ovum and the formation

of a mole occurs, the attending danger to the mother is much greater, as

the accompanying haemorrhage into the tube may cause rupture of the

tube and the rapid death of the patient. Tubal moles, if recent in origin,

are found to contain an embryo. But after a time, especially if the mole

has been extruded into the abdominal cavity or into the broad ligament,

the fcetal tissue may become completely disintegrated, and it may be

impossible to recognise any of these except the chorionic villi, which are

most persistent, and may be found long after all evidence of their origin

has disappeared. These villi present the same appearances as those of a

uterine pregnancy.

If the blighted ovum remains in the tube, though the pregnancy

becomes abortive it is by no means harmless. It causes constant irritation

of the tissues to which it is attached, and may be the cause of frequent

hemorrhages into the abdominal cavity and into the lumen of the tube,

while inflammatory changes are set up in all the organs, which become
matted together, and along with blood-clot and inflammatory deposit form

a complete mass.

Intra-peritoneal Hematocele.—No doubt the commonest cause of intra-

peritoneal haemorrhage is a tubal pregnancy ; it may be the result of rupture

or of a bleeding from the fimbriated extremity of the Fallopian tube. The
latter cause is the more frequent, and is caused by the presence of a mole in

the tube. In these cases of haemorrhage from the ostium it is generally mod-
erate in amount, and a well-defined haeinatocele is formed. In the case of

rupture the haemorrhage is so copious and so diffuse that unless the patient is

operated on she dies before there is time for the formation of a defined

blood tumour. Taylor gives the following statistics :—Out of 21 cases of

intra-peritoneal hematocele due to tubal pregnancy, 14 were due to

haemorrhage from an unruptured tube, while 7 were associated with

rupture. Cullingworth states :
—"Of 25 cases of pelvic haematocele in

which an opportunity occurred of verifying by actual inspection the

source of the bleeding, 23 were instances of haemorrhage from the open

abdominal ostium of a pregnant Fallopian tube, and only 1 was due to

rupture."

Blood effused into the abdominal cavity comes to form a definite

tumour by local peritonitis being set up around it and binding the pelvic

and abdominal viscera to each other and to the blood -clot. The outer

layer of the blood-clot solidifies and forms a capsule which may in turn

rupture, allowing a fresh intra-peritoneal haemorrhage to occur. On the

other hand, the blood within the sac may be absorbed and only the capsule

remains adherent to the Fallopian tube.

2. Euptuke.—(a) Early Rupture.—It has been stated that one result

of a tubal pregnancy is the formation of a " tubal mole," and the possible

results of that condition have been described. But very frequently an

accident occurs at a still earlier period than that at which a mole is formed,
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which terminates the pregnancy. This is what is known as early rupture

of the tube. It occurs from the second to the sixth week, and is quite

distinct from what is known as later rupture, which takes place from the

eighth to the twelfth week, in that it is much less serious in its results and
the patient usually recovers.

Early rupture may occur at any part of the tube, except at the

fimbriated extremity, but the most common site is at the isthmus, i.e. just

where the tube becomes free from the uterine wall. This early rupture

has been shown to occur in cases where the tube is atrophic, and specimens

removed have demonstrated the fact that in these cases the usual primary

thickening of the tubal wall has not taken place. These facts obviously

account for the occurrence of this early rupture. Such cases are character-

ised by the suddenness with which the symptoms come on. There is no
previous warning, but the patient becomes rapidly collapsed and shows all

the signs of internal haemorrhage. The patient may, however, speedily

recover without any active interference.

(&) Later Rupture.— If the ovum escapes the possibilities of "early

rupture " or the formation of a " tubal mole " it is certain that " later

rupture " will occur. This takes place, as we have already stated, between
the 8th and 12th weeks. This rupture is nearly always associated with

hsemorrhage more or less severe, the amount depending on the relation of

the placenta to the exact seat of rupture. When the rupture involves the

placental site, or causes separation of the placenta, the haemorrhage is severe,

though not necessarily immediately fatal. If, on the other hand, the

attenuated tubal wall alone is torn the bleeding may be slight or even

absent altogether.

Owing to the anatomical relations of the tube there are practically only

two directions in which the blood effused from a rupture may be extra-

vasated, and these are :

—

1. Into the peritoneal cavity, and
2. Between the layers of the broad ligament.

In the former case the haemorrhage may be so severe and so rapid as to

prove immediately fatal to the mother, but in some cases, when the bleed-

ing is more gradual, a haematocele, to a certain extent encapsulated by a

plastic peritonitis being set up around it, is formed. If, however, there is

further bleeding the capsule of this haematocele may in turn give way, and
the abdominal cavity may rapidly be filled with blood. This form of

haematocele is quite distinct from that occurring from a " tubal mole," in

which the haemorrhage from the abdominal ostium is so gradual that a

capsule is formed consisting not only of peritonitic adhesion, but also. of

organised blood-clot.

In the second case, when the haemorrhage occurs between the layers of

the broad ligament, it is not nearly so profuse, being now extravasated into

the interstices of a cellular tissue. This very soon becomes firm owing to

the coagulation of the effused blood, and constitutes an effectual barrier to

further haemorrhage.

The Foetus after Rupture.—No matter whether the rupture be intra-

or extra -peritoneal, the foetus in most cases follows the course of the

haemorrhage and escapes through the rent, and the pregnancy now becomes
either tubo- abdominal or tubo-ligamentary. It has been a matter of

dispute under what conditions the fcetus may survive after rupture, some
authorities holding that for the continuance of its life the amnion at least

must remain intact. Others, however, believe that even this is unnecessary,
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and aver that it may develop even to full term while lying free in the

abdominal cavity.

1. When the pregnancy becomes tubo- abdominal, the foetus having
escaped into the abdominal cavity, it may, if it survive the rupture of the

tube, go on to full term. At or about that time, if not delivered by
abdominal section, it succumbs and may undergo various changes.

On the other hand, and more commonly, the foetus dies at the time of

rupture,and if themother survive those changes merelyoccur at an earlier date.

For example, a dead embryo up to the second month lying free in the

abdominal cavity may be completely absorbed. If it is beyond the second

month it may

—

(a) Decompose and form an abscess which may burst externally or into

any neighbouring viscus.

(b) Become mummified.
(c) Become calcified and form a lithopcedion.

(d) Be converted into adipocere and form a lipopcedion.

(e) Disappear partially, only the bones remaining, forming am osteo-

poedion.

2. When the pregnancy becomes tubo-ligamentary the foetus may die,

owing to the pressure exerted on the placental circulation by the blood-clot,

and in this case it remains between the layers of the broad ligament, and
may undergo any of the above changes.

But very often the haemorrhage after rupture is but slight, and the

foetus continues to develop in its new situation. It gradually increases in

size, but is largely confined to the pelvis by the limits of the broad ligament
and by the placenta above it. In this position it is described as sub-

peritoneo-pelvic.

The pregnancy may continue in these relations, but it is the exception

that these cases should go on to full term. In the great majority of cases,

either the foetus gradually separates the peritoneum from the abdominal
wall, and grows up into the abdomen extra-peritoneally, when it is described

as subperitoneo-abdominal, or what is known as secondary rupture occurs,

that is to say, the broad ligament gives way and the foetus escapes into the

abdominal cavity, exactly as in the case of primary tubo-abdominal rupture.

Cases of secondary rupture are always extremely grave. In the case of a

primary tubo-abdominal rupture, ligature of the broad ligament and
removal of the tube arrest the haemorrhage, but in cases of secondary
rupture separate vessels must be secured, the placenta is much more
difficult to deal with, and one has to trust largely to pressure and
drainage.

Geneeal Symptoms and Diagnosis of Tubal Gestation

The difficulties which attend the accurate diagnosis of early extra-uterine

pregnancy are numerous, and are for the most part well recognised, and indeed,

from the large proportion of cases which terminate fatally if left undiagnosed
and untreated, it is clear that the value of an early and accurate diagnosis

can scarcely be exaggerated. It formerly was commonly stated that diagnosis

before rupture was quite impossible, but this is nowadays, with onr
increased knowledge of the subject, quite inaccurate. Indeed,, the pro-

portion of cases in which the condition is diagnosed is an increasingly large

one, and Taylor records that out of his 42 cases the exact nature of the
lesion was recognised in 32 before operation. Extra-uterine gestation may
occur at any age during the period of a woman's fertile life. As a rule it
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will be found that the patient has been in fairly good health before the

pregnancy occurred. Even though there be a history, as there often is, of

previous tubal disease, this has evidently been in a quiescent state for some
time. In about one-half of the recorded cases it has been noted that

usually several years have elapsed since the last normal pregnancy took
place, and this point always excites a certain amount of suspicion if any
other symptom of extra-uterine gestation is present.

The general constitutional symptoms of normal pregnancy may or may
not be present. It not infrequently happens that the subjective symptoms
are entirely absent, and the patient may be quite unaware of her condition.

More commonly, however, one finds the usual mammary changes with the

formation of the areola, but Montgomery's tubercles are seldom well

developed. Gastric disturbance may be evident, the patient frequently

complains of pelvic pain, usually confined to one side, and there is practically

always a history of some derangement of menstruation.

As a rule one finds that the patient has missed one or two periods, and
then has suffered from irregular haemorrhages. Cullingworth has drawn
attention to the character of these haemorrhages. He says, " The blood is

almost invariably dark in colour, moderate in amount, thickish in its con-

sistence, and steady in its rate of flow. Gushes of bright red blood occur

occasionally, but are quite exceptional." In the writer's experience, how-
ever, floodings are not so very uncommon.

Accompanying these haemorrhages shreds of membrane are frequently

passed, but in other cases the uterine decidua is passed entire. The presence

of these shreds, or of the whole decidua, forms a most important sign, but is

one which unfortunately cannot always be obtained. If the membrane be

examined, it is important not to mistake it for that passed in the rare con-

dition known as " membranous dysmenorrhea," in which the membrane is

usually expelled in small pieces and rarely as an entire cast. The membrane
from the uterus in cases of extra-uterine gestation is much thicker, and is

generally shed either in large pieces or as a complete cast of the interior of

the uterus. The history of the case, too, would be of great value in differen-

tiating between the two conditions.

(a) Diagnosis before Rupture.—The character of the pelvic pain varies.

It may be dull and aching, or it may be, and is especially just before rupture

takes place, sharp and lancinating.

The external genitals and the vagina may present the same appearances

as in normal pregnancy, and on bimanual examination, the uterus enlarged,

soft, and globular, is displaced to one or other side of the pelvis by a

swelling which can be felt behind and to one side of the uterus. This

swelling is tense, elastic, and fluctuating, and through the vaginal roof—

a

most valuable sign—the presence of pulsating vessels may be detected on
the affected side. The swelling during the first few weeks may be movable
and insensitive, but later it becomes fixed and tender. Another and an
important point in diagnosis is that repeated examinations reveal the

gradual increase in size of the sac.

(b) Diagnosis of Rupture.—(1) Early Eupture.—In all cases of early

rupture the symptoms come on with remarkable suddenness. Generally

the patient's last menstrual period has been somewhat delayed, and has then

come on, but not normally, the character of the discharge being altered.

She is probably going about apparently perfectly well, when she is suddenly

seized with violent pain in the abdomen, becomes faint, and has to lie down.

That this condition is not merely one of syncope is determined by the

increasing pallor of the countenance, by the fact that acute abdominal pain
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is present, but especially by the fact, that whereas in syncope, when the

pulse returns, it is slow and full, it is in this condition rapid, small, and
thready. Indeed the patient presents all the symptoms of internal

haemorrhage more or less severe. Examination of the pelvis reveals very

often little or nothing, but in some cases it is possible to detect a swelling

in the Fallopian tube, and free fluid may be detected in the pouch of

Douglas. Later, as coagulation takes place, a distinct boggy swelling is felt

in the same situation.

(2) Later Rupture.—(a) Intra-peritoneal.—When this occurs the symp-
toms are similar to those of early rupture, but very much more severe and
alarming. The patient, either without any obvious cause, or after some
exertion, is suddenly seized with excruciating pain in one or other side,

becomes faint, and rapidly collapses. The surface of the body becomes

pallid, the limbs cold, the pulse becomes feeble and rapid, and later imper-

ceptible. Generally the patient remains conscious, but frequently suffers

from nausea and vomiting. She may die in the course of a very few hours,

and during this time the abdomen becomes more and more distended with

blood. In some cases where the haemorrhage is not so impetuous the patient

may survive, the result being the formation of a large haematocele, but she

is always liable to further haemorrhage, and repetition of all the symptoms
of the first attack and death.

((3) Extra-peritoneal.—When the rupture takes place between the layers

of the broad ligament the symptoms are similar, but not so urgent. Pain

and faintness come on suddenly just as before, but actual collapse is not so

marked, and the patient much more rapidly recovers from the shock. If

the foetus has died she may have no further trouble, if the haematoma is

speedily absorbed, but she is exposed to the risks of suppuration, lithopoedion,

etc. Unfortunately, in many cases the foetus goes on developing, the broad

ligament becomes more and more distended, until ultimately it gives way

—

secondary rupture—causing all the symptoms of severe intra-peritoneal

haemorrhage.

(c) Diagnosis at Term.—In those few cases in which the foetus goes on

developing to full term labour pains set in, and may continue for hours or

for days. Generally there is haemorrhage from the uterus, and a further

discharge of decidual membrane. The diagnosis is arrived at by careful

examination of the uterus or of the abdomen, in which the foetus is found

lying free. The foetal heart sounds are usually distinct, and the mother

may be conscious that the foetus has been lying unduly to one side of the

abdomen.
(d) Diagnosis after Term.—In tubo-abdominal pregnancy diagnosis after

term when the child is dead is not as a rule difficult. The shape of the

abdominal swelling is characteristic, and the detection of the foetal parts

while the uterus is found empty enables one to arrive at a definite

diagnosis. On the other hand, when the pregnancy is tubo-ligamentary,

and especially if it is posterior subperitoneo-abdominal, the diagnosis may
be exceedingly obscure, and is more so if some time has elapsed since the

death of the child. There are, of course, no foetal movements nor foetal

heart sounds. The patient's breasts may show no signs of pregnancy, and

menstruation may have returned. Indeed, the only sign is the fixed

abdominal tumour, the relations and characters of which it may be

impossible to determine. It is only by a most careful inquiry into the

history of the case, eliciting the gradual enlargement of the abdomen
during nine months, the history of rupture of the sac and of spurious labour

at term, that a diagnosis can be arrived at.
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Differential Diagnosis.— There are several conditions which simulate

both in symptoms and in signs an ectopic gestation. Indeed, in some
instances an absolute diagnosis at the moment is impossible, and it is only

by repeated examination and continued observation that a definite conclu-

sion is arrived at.

1. Pregnancy occurring in the rudimentary horn of a bicornuate uterus

closely resembles extra-uterine pregnancy ; and in this case the differential

diagnosis is impossible. Kussmaul collected thirteen such cases, the

majority of which had been reported as tubal pregnancies. If an explora-

tory incision is made, the anatomical relations will at once clear up the

difficulty, for, as pointed out by Mauriceau, in cornual the round ligament

is situated external to the gestation sac, whereas in tubal pregnancy it is

situated on the uterine side of the sac. Pregnancy occurring in one horn

of a completely bicornuate uterus may go to term and give rise to no
abnormal symptoms whatever.

2. Eetroflexion of the Gravid Uterus.—On superficial examination this

may be mistaken for an ectopic gestation, especially if it has become fixed

by adhesions. There may be sharp pains and symptoms of pelvic pressure

very similar to those of the graver condition. However, a bimanual exami-

nation, and especially a bimanual rectal, will as a rule readily differentiate

the two conditions.

3. Anteflexion of the Gravid Uterus.—Without doubt this condition

may in some cases, especially in primiparse, give rise to suspicion of ectopic

gestation. The writer has seen many cases among primiparse, who, cer-

tainly pregnant, suffered from severe pelvic pains during the first two or

three months of pregnancy, and even from occasional haemorrhages, and in

whom it was difficult at first to exclude ectopic gestation. In these cases

the cervix becomes so elongated as to simulate the uterus itself lying

behind the gestation sac. Examination under chloroform, however, generally

reveals the true nature of the case, and if even then there is doubt the

patient may be kept under observation, and as pregnancy advances the

diagnosis becomes easy.

4. Fibroid Tumour of the Uterus with Pregnancy.—A pregnant uterus

which is the seat of a fibroid tumour may be mistaken for an ectopic

gestation. In such cases examination under chloroform is generally neces-

sary, when, on the hardness of the swelling, its intimate relation to the

uterus, its change of position with the growth of the uterus, and on the

fact that the tumour does not grow so rapidly as does a gestation sac, an
accurate diagnosis must depend.

It may be very difficult to differentiate between an old-standing solidi-

fied haematocele and a myoma. In such cases much importance is to be

attached to the history.

5. Ovarian Tumour with Pregnancy.—Ovarian tumours with and even

sometimes without an intra-uterine pregnancy may sometimes cause

confusion. This is especially the case if the patient suffers from attacks of

pelvic pain. It is in these cases that the possibility of a twin pregnancy

—

one uterine and the other extra-uterine—must be considered. The diagnosis

depends on the history and progress of the case and thorough examination
under chloroform.

Even more difficult is it to distinguish between an extra-uterine gestation

and an ovarian tumour which has burst or whose pedicle has become
twisted. The symptoms being often exactly similar, a diagnosis may be

impossible until the abdomen has been opened; otherwise, the diagnosis must
depend on the history and the exact relations of the tumour to the uterus.
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6. Tumours of the Fallopian Tube.—It is not remarkable that dilatation

of the Fallopian tube from causes other than a growing ovum should

simulate an extra-uterine gestation. The physical signs, especially of

pyosalpinx, with which are frequently associated either amenorrhoea or

uterine haemorrhages, closely resemble in many cases those of a tubal

pregnancy. Further, the symptoms of rupture of such a swelling may be

easily mistaken for those of hseniatocele.

The absence of pyrexia cannot be relied upon for a diagnosis, as many
cases of pyosalpinx have no febrile symptoms whatever. Much must depend

on an accurate history of the case, which will frequently reveal a distinct

cause of suppurative salpingitis.

7. Abortion.—Extra-uterine pregnancy may sometimes be mistaken for

simple abortion or an incomplete abortion. History and symptoms are

often similar, but a careful bimanual examination will usually clear up the

diagnosis.

Treatment

The treatment of extra-uterine gestation may be conveniently con-

sidered under the following heads :

—

1. Before rupture.

2. At the time of rupture.

3. After rupture.

4. After suppuration, etc., of the foetus.

1. Before Rupture.—When the condition is recognised before rupture

the only treatment which should be adopted is operative. The tube must
be removed entire by abdominal section.

2. At the Time of Rupture.—In these cases it is often extremely difficult

to determine whether or not to operate at once. In some cases it is better

to adopt an expectant treatment owing to the very collapsed condition of

the patient, and to operate later, if necessary, when the patient has to a

certain extent recovered from the shock. Fortunately, in some such cases,

especially when the rupture is extra-peritoneal, the haemorrhage ceases and

no operation is required at all.

The line of treatment to be adopted depends on a diagnosis, if this be

possible, of whether the haemorrhage is intra- or extra-peritoneal. It is in

the former that as a rule immediate operation is indicated.

Although one would not go so far as Werth, who says that " ectopic

gestation is a malignant new growth, and therefore should be removed by
operation at every stage of its development," there is no doubt that the

treatment of extra-uterine pregnancy is essentially surgical. It is doubt-

less true that some cases recover without any active interference whatever,

but in the great majority immediate or later operative measures must be

adopted to save the life of the patient. The question of when to operate is

sometimes difficult to determine. For example, in the latter half of a tubo-

abdominal or a tubo-ligamentary pregnancy, if there be no signs of immediate

danger some surgeons prefer to delay operation until full term with the view >

of obtaining a living, viable child. Others go farther and wait till some

time after the death of the child, in order that the placenta and surrounding
j

tissues, having become shrunken and less vascular, may be more easily

manipulated. Each case, however, must be decided on its own merits, and

the decision arrived at will be largely influenced by attendant circum-

stances.

In cases which recover without operation the pregnancy is terminated
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by the primary haemorrhage. The haemorrhage from the uterus ceases, the

pain disappears, and the swelling becomes no larger. Under these circum-

stances it may sometimes be well to give the patient a chance of cure by
absorption. But in so doing one must realise that a natural cure is not

always satisfactory. Absorption may necessitate weeks and even months
of complete rest, and even then the patient may suffer from various pelvic

disorders, caused by the formation of inflammatory adhesions, and resulting

in displacement and distortion of the generative organs. Further, the

foetus may be of such an age that complete absorption is impossible, and
although the patient may seem well even for years, she is always liable to

the risks of suppuration in and around the foetus.

In all cases where the symptoms of pain, collapse, or haemorrhage are

acute, operation should be undertaken without delay.

The Operation.—As this operation is usually undertaken in an emergency

the usual preparations must be hurriedly made. The abdomen is opened

in the middle line and the clots rapidly removed, and the ovarian and
uterine arteries must be secured first of all by the fingers and then by
forceps. The active haemorrhage being thus controlled, the remaining blood,,

both fluid and coagulated, is removed, all being carefully examined for traces

of an embryo or a mole. If the pregnancy be an early one, say at the

second month, the operation then consists of a simple salpingo-oophorec-

tomy, but if later, when the placenta has been formed, the procedure becomes

more complicated. The difficulty is the treatment of the placenta. If it

be still firmly attached to the interior of the tube it is best to endeavour to

control its blood-supply, to cut the cord close to its placental attachment,

and to close the abdomen without drainage, which simply increases the

danger of sepsis. In favourable cases the placenta atrophies and gives rise

to no further trouble. If, owing to a previous rupture, the placenta has

escaped and has become adherent to the intestines, it is still more dangerous

to attempt its removal, which only sets up further and often incontrollable

haemorrhage.

Sometimes the placenta becomes easily detached during the course of

the operation, and may be safely removed along with the foetus. When it

is impossible to completely stop the oozing in the pelvis, it may be necessary

to pack the cavity with iodoform gauze after washing out the cavity of the

abdomen with a sterilised solution. If the other tube is healthy it may be
left intact, but if diseased it should certainly be removed.

3. After Bupture.—As a rule the surgeon is called only some time after

rupture has taken place. If this be extra-peritoneal and has occurred

during the first two months of pregnancy, no operation should be under-

taken unless there is evidence that the foetus is still alive, and that the

gestation sac is developing, when the operation must be performed at once.

The operation in the early months may not be much more difficult than
that for the removal of a dilated tube, but there is a tendency for much
greater haemorrhage to occur and many vessels have to be secured. In the
later months the operation becomes extremely difficult. Adhesions are

numerous, and must be dissected carefully apart, or must be ligatured and
divided. The haemorrhage is profuse, and the gestation sac must be com-
pletely enucleated. In many cases, however, this is impossible, and the oozing
is so persistent that packing the cavity and drainage by iodoform gauze is

the only means of satisfactorily dealing with the condition, the sac, if

possible, being stitched to the abdominal wound. In many cases, however,
after opening the abdomen it is found, owing to the numerous adhesions
and the excessive vascularity of the sac, it is better to deal with it extra-

vol. in 13
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peritoneally. The peritoneal cavity is closed, and then if the sac be situated

low in the pelvis, and can be easily reached per vaginam, it should be opened

through the vaginal roof, the cavity cleared out and packed and drained

by iodoform gauze. If, on the other hand, the sac is situated higher up and
conies into contact with the abdominal wall, it is better to make an extra-

peritoneal opening into it, just above Poupart's ligament, and to wash it out

and drain as before.

Vaginal Section.—There is no doubt that in cases undertaken at the

time of intra-peritoneal rupture, when the hsemorrhage is excessive and
diffuse, the best and most rapid method of reaching the bleeding vessels is

by the abdominal route. But, in other cases when the haemorrhage is

localised, and in many cases of early extra-uterine pregnancy which have

not ruptured, vaginal section is preferred by some operators. In cases

where the pouch of Douglas is occupied by a limited hematocele, the

operation of opening into it through the posterior vaginal fornix is extremely

simple. An incision is made into the bulging tumour, the clots are gently

cleared out, and the cavity irrigated. The limiting membrane of the

hematocele is not in any way interfered with, and the cavity is drained by

a tube or by iodoform gauze. It becomes less and less, till ultimately

it is impossible to introduce a drain, and the opening into the vagina

closes up.

In some cases, on passing the fingers through the vaginal incision into

the abdominal cavity, not only can the swelling produced by the hemato-

cele be felt, but also the rupture in the tube from which the blood has

escaped can be detected. In such instances it is sometimes possible to

bring the tube down to the vaginal opening, to ligature its uterine end and

so remove it. In other cases, however, one has to be contented with simply

removing as much as possible of the ovum and irrigating and draining the

sac as before. Under these circumstances the haemorrhage is often very

troublesome and persistent, but by ligature, thorough douching, and pack-

ing, it can generally be controlled. If not, the abdomen must be opened

suprapubically, and the bleeding points, which have been out of reach per

vaginam, secured.

The cases in which an extra-uterine pregnancy after rupture may be

dealt with by vaginal coeliotomy must be carefully selected ; they are those

in which the vagina is roomy, where the haemorrhage is limited, and where

the swelling is situated mainly behind the uterus.

Of recent years some operators have advocated anterior vaginal coeli-

otomy, opening into the abdominal cavity between the uterus and the

bladder. The fundus of the uterus is drawn through the incision by means

•of volsella, and so the uterine end of the tube comes within reach and can

be controlled, and no doubt an early unruptured tubal pregnancy can by

this method be easily ligatured and removed. But, if rupture or hsemor-

rhage from the abdominal ostium has taken place, it is not so easy to

satisfactorily deal with the hematocele by the anterior incision as by the

posterior, for thorough irrigation and drainage are impossible. Although

this method has been adopted by some, the writer's experience is that,

except in a very few cases in which posterior vaginal cceliotomy is possible,

in nearly every case of extra-uterine gestation both before and after rupture

the abdominal incision is infinitely preferable, as the exact situation and

relations of the gestation sac and its surroundings can be more accurately

determined and the condition dealt with more thoroughly.

4. After the Fcetus has undergone various Changes.—When the foetus

undergoes mummification, calcification, or saponification, it may give rise
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to no further trouble, and operation should be undertaken only if

local or constitutional symptoms arise. If, on the other hand, suppura-

tion takes place, the abscess must be opened at the most superficial

point, and if already rupture of the abscess has occurred into the rectum,

vagina, bladder, or externally, the fistula should be enlarged and all debris

removed. These sinuses are very obstinate and not at all amenable to

treatment.

Mortality.—The mortality from operation on cases of extra-uterine

gestation is best illustrated by the following statistics. In Mr. Tait's list

(1888) he had 42 cases with 40 recoveries. Diihrssen (1897) had 38 cases

with 36 recoveries. Mayo Kobson had 23 cases with 22 recoveries, and
Taylor (1899) had 42 cases with 41 recoveries.

Repeated Extra-uterine Pregnancy.—Several cases of this have been
recorded, and they seem to show that in some there is a distinct predisposi-

tion to extra-uterine gestation. A few authors hold that in every case

where operation for ectopic gestation is performed, the second tube, even
though healthy, should be removed, but since the chance of repetition is

only about 4 per cent, this cannot appeal to most operators.
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Part I. General Pathology and Therapeutics

General Considerations.—Before we can proceed to determine even
approximately the nature of eczema, we must consider its intimate connec-
tion with the skin as a free surface tissue. So close is this connection that
we might briefly describe eczema as an inflammation of position. The skin
is specially liable to injury from its great extension in space, and from its

habitual contact with the unceasing perturbations of the outside world.
From our present point of view the external surface of the body is essentially
a double net, or sponge, of fine blood-vessels and delicate, sensitive nerve
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threads surrounded and shielded from these external perturbations by certain

defensive structures. This protective mechanism, which plays a part of prime
importance in the processes of eczema, consists of a fibrous meshwork covered

externally by stratified epithelium. "Whether this fibrous meshwork be
dense or lax, and whether the epithelium is well formed or incoherent, are

matters intimately connected with the liability of the individual to eczema.

Daily observation teaches that any surface irritation is followed by a

physiological thickening of the vascular net at the point of irritation. In
other words, the irritation is followed in some cases immediately, in others

after a short period of local anaemia, by blood fluxion to the menaced part.

All eczemas are in the main serous inflammations. "We have not only

blood fluxion, but exudation of plasma into the injured epithelium; the

process finally ending in the exfoliation, or throwing off, of the injured

tissue. The skin exhibits a marked tendency to the production of localised

inflammation, due to its fibrous stratified structure, which offers resistance

on all sides to the escape of the exudation. It is the resistance offered by
the layers of flattened horn cells to the free exit of the plasma which leads

to the formation of vesicles and bullae. As we shall see later, this external

resistance disappears under certain circumstances. In such cases there is a

free exit for the plasma, and vesicles are no longer formed.

The manifestations of eczema at any particular spot, at any particular

time, or in any individual case, vary according to the following circum-

stances : (1) the pressure of the plasma exudate, and the degree of resistance

offered to its escape to the free surface
; (2) the position or region affected

;

(3) on the nature and extent of the injury to the epithelium
; (4) the

resistive power with which the skin can oppose the irritant. Each of these

circumstances must be carefully considered.

The Pressure of the Plasma Exudate and the Degree of Resistance

offered to its Escape to the Free Surface.—The pressure of the plasma is

proportionate to its bulk. The quantity of exudate is closely connected

with the nature of the irritant and the resistive state of the cutaneous

tissues. From the clinical point of view it determines the so-called lesions

of eczema. The low-pressure eczemas are dry red patches with a strong

tendency to localisation and delimitation. If the pressure rises a few

degrees the exudate is sucked up by the epithelial cells, forming a thickening I

known as the papule. A still higher rise manifests itself as a droplet of
j

plasma under the horny layer (technically known as a vesicle). In people

of middle or later life the resistance of the horn cells below the knees is

often so defective that the exudate, instead of being temporarily confined in
I

the form of vesicles, oozes directly on to the free surface (eczema rubrum).

In regions where the dermal mesh is loose and open, as in the near neighbour-

hood of the eyes or in the scrotum or vulva, the exudate finds readier access

to the lymphatics than to the free surface, and thus produces the general

swelling which is so characteristic of eczema in these regions. Special

resistance is offered to the escape of the plasma in the palms and soles owing

to the density of the horny epithelium. In these regions the exudate is apt

to be retained for lengthy periods in the form of vesicles. The accumulation

and effort to escape may be accompanied by a sensation of burning and I

intense itching, in some cases even by a certain amount of constitutional

disturbance.

The Position or Region affected.—The skin in the extended relations

which it is called upon to meet varies appreciably in structure and function

in different regions. In some localities the sebaceous function is predominant

(face, scalp, chest, back, prepuce, ears, meati), in others the formation of hair,
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while certain regions are characterised by the size, quantity, and activity

of the sudoriferous glands (palms, soles, axillae, bends of elbows, and knees).

These anatomical factors are certainly capable of modifying the processes of

eczema. The presence of large quantities of fat tends, as Unna has pointed

out, to restrain the serous discharge in response to injuries in these regions.

The excessive outpouring of sweat, by diminishing the inertia of the surface,

increases the liability of the skin to injury and inflammatory reaction. The

presence of hair in large quantity, while a security up to a certain point

against injury and therefore against serous inflammations, greatly retards

recovery on account of the hindrances which it offers to the dispersion of the

plasma. From the readiness of access which inflamed hair-follicles present

to pyogenic organisms, the exudate in such regions is liable to become

bacteriologically infected. Hence the purulent nature of the plasma so

commonly found in eczema in hairy regions.

On the Extent and Nature of Injury to the Epithelium,—The full

discussion of this will be taken under the head of Etiology. Here I would

simply point out the broad generalisation that the injury is the resultant

between the irritant force on the one hand and the resistive force of the

skin on the other. In some persons the skin is capable of resisting gross

insults, while in others, with weak resistive power, comparatively slight

irritants may result in severe injury.

The Resistive Power of the Skin.—There is no more important cause

in the development of eczema and in the modification of its manifestations

than the total resistive power which it presents to irritants. This resistive

power is the sum of many forces which we may conveniently consider under

the two heads of passive resistance and vital resistance. The passive resistance

of the skin, to which reference has just been made, is afforded by the keratin

and fat cells of the epithelium, and by the underlying fibrous meshwork.

Eegions of the body which are habitually exposed to pressure, such as the

palms, soles, and buttocks, are provided with a thicker armour of horn cells

;

flexible regions, where great mobility is required, such as the groins and
axillse, the elbows, the bends of the knees and the palms, are rich in fat. The
dermal felt work is mainly responsible for resisting pressure and mechanical

blows. In infants, on account of the extreme delicacy of the epithelium, it

is the main defence of the skin, and its imperfect state of development

accounts to some extent for the proneness of young children to eczema. Vital

resistance is afforded by the so-called trophic and vaso-motor nerves. We
shall have occasion to refer again to this.

The Lesions of Eczema.—It is the custom to divide the eczematous

eruptions into four groups, according as the predominant lesion is papular,

vesicular, pustular, or erythematous. Although this method has received

the sanction of some eminent writers on Dermatology, and has been blindly

followed by others, it is not one which commands universal approval. The
minute description of lesions only serves to draw the mind away from the

essential nature of eczema. The so-called lesions of eczema have no separate

basis of existence. They are mobile, interchangeable marks, due either to

the temporary retention of the exudate within the epithelium (vesicles,

bullse), or to the addition of leucocytes to the plasma (pustules). The
essential thing to remember is that all the papular and dry discoid forms
are essentially low-pressure eczemas, while all the vesicular and sero-purulent

varieties are high -pressure eczemas. The histological differences between
these several forms are very slight, as Unna and Leloir have so well shown.
The vital circumstance which directs the inflammatory manifestation into

one or other of these forms is the physiological state of the skin which
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determines the amount of resistance which it shall offer to the irritant

which is the cause of the injury.

In view of these considerations our description of the lesional varieties

will be no longer than is just necessary to enable the reader to recognise

them when seen.

The Vesicle.—The eczematous vesicle may be defined as the temporary re-

tention in the superficial part of the epithelium (usually immediately under the
horny layer) of a drop of serous plasma derived from the capillaries. For dia-

gnostic purposes we have to distinguish it from the vesicles of zona, and from those
of the herpetoid eruptions which in some cases follow nerve injuries. The ecze-

matous vesicle is a flat elevation, when much resistance is offered to the escape of

the plasma, or a conical or dome-shaped elevation when the resistance is less. In
herpes zoster the outline of the vesicles is corymbiform, and their development and
arrangement are determined by the peripheral distribution of the irritated nerve-
fibres. The herpetoid vesicles of certain nerve injuries, described by Charcot, Weir
Mitchell, and others, are small, scattered, acutely-pointed elevations filled with
clear serous fluid. From the fact that they tend to leave scars we may infer that
they are the result of a colliquative process, like those of zona, and not a manifesta-
tion of a general serous inflammation. The vesicles of cheiropompholyx, which
some authorities regard as a form of eczema, are characterised by the depth of

their position and by a curious translucency, which gives to them the aspect of

boiled sago grains deeply buried in the skin. The presence of vesicles in large
numbers in the course of eczema is to be taken as evidence of a high degree of

irritation with (usually) diminished resistance of the skin. With the rupture of

the vesicle the serous albuminous exudate escapes to the free surface, where
it coagulates or "scabs." The period occupied by the exudate in gaining free

access to the open surface is, in some cases, marked by intense burning and itch-

ing. But these sensations vary in intensity according to the degree of sensitive-

ness of the patient's nerves. (For treatment, see Clinical Types of Eczema, p.

214.)

The loustule of eczema is a vesicle to which leucocytes have been added in

numbers sufficient to render it opaque to light. When pustules are the pre-

dominant lesion in eczema it may be taken for granted that some special element
has entered into the causation of the inflammation. In many cases this is due to

the impressionableness and sensitiveness of the cells of the skin and blood, as in

infants and young children, in others to a greatly impaired resistive power of the
skin, as in weakly debilitated people. Frequently it is due to the invasion by
pyogenic organisms. In rare instances the organisms are chromogenic, when the
pustules assume a special colour, orange or blue, according to the organisms,
rustulation is common in hairy regions, such as the scalp and face, owing to the
favourable conditions for development of microbes afforded by the succulent
follicles.

The Papule.—This lesion may be clinically defined as a minute, rounded,
conical, dry elevation of the epithelium. According to Unna it is a little hyper-
trophic, cedematous thickening of the prickle-cell epithelium. When the papule is

the predominant lesion of eczema it is an indication, as we already stated, of the
low pressure of the exudate. The drier and more solid the papule, in a word, the

nearer it approaches to the true lichen papule, the more difficult is its dispersion.

The reason of this is that we are not dealing with a simple serous exudate
temporarily retained, but with a neoplastic process. The lesions are specially

liable to mechanical injury (scratching) from the severe itching which accompanies
their development. In this way a serous inflammation may arise out of a dry
papular eczema.

Dry Discoid Patch-lesions.—This form of lesion is met with in the seborrheic
eczemas. Like the papular lesion they indicate low-pressure exudation, and show
a marked tendency to circumscribed limitation of the exudate. The patches tend
to fade in the centre. The discharge, which is commonly small in quantity, is

remarkable for the large admixture of fat.

The Erythematous Variety.—In this form vascular paralysis and oedema are

the most predominant features. The exudate, instead of travelling to the free sur-

face, gains access to the lymph and juice spaces, owing to the lax conditions of the

dermal mesh. In consequence of this the surface may be hot, red and swollen, but
dry. It is liable to injury from scratching, and is in many cases accompanied by
maddening irritation.
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Etiology and Classification.—To rightly estimate the various mani-
festations of eczema with a view to their causation and classification, two
orders of facts must be kept clearly apart : 1st, those appertaining to the

actual injury with its inflammatory reaction ; and 2nd, those which refer to

the liability of the skin to injury. Broadly speaking, eczema is always re-

lated to some surface x injury, although not necessarily to one of an osten-

sible kind. In not a few cases we can identify and name the irritant. It

may be iodoform, mercury, borax, or some vegetable poison such as primula

obconica or rhus toxicodendron. But in the vast majority of instances we
are completely ignorant of the exact nature of the irritant. I am not sure

that the omission matters much. The irritants, whatever they may be, are

only relative irritants. For, with the possible exception of the mycotic

forms, nothing is better proven than that no substance has an absolute

specific relation to eczema. To establish a classification of the eczemas

from the standpoint of the irritant is not at present possible, and I cannot

imagine that it ever will be. But it is fairly within our power to arrange

the various eczematous forms on certain broad principles as follows :

—

Class I. Accidental Eczemas (trade and traumatic dermatites) : forms

in which the irritant is the dominant and determining factor in the

process.

Class II. Inteinsic Eczemas (eczema vulgaris) : forms in which the

surface-making tissues are the dominant and determining factors in the

process.

Class III. Mycosifokm Eczemas (seborrhceic eczema, Unna ; seborrhoea

corporis, Duhring) : forms which are associated with the growth and multi-

plication of certain vegetable micro-organisms and which commonly occur

in fatty or seborrhceic skins.

"We have now to consider the etiology of these several classes.

I. Accidental Eczemas.—For the full list of external agents capable of

producing eczematous eruptions the reader must consult the article on
" Artificial Eruptions." They belong to the four groups, animal, vegetable,

mineral and atmospheric (cold, heat, solar rays, X-rays, electricity).

The effect of a surface irritant varies with (1) the nature of the irritant,

(2) the mode of its application, (3) the duration of its action, and (4) the

resistive power of the skin.

(1) Nature of the Irritant.—Irritants may be (1) absolute, such as

caustics
; (2) essential, such as freezing, the result following not immediately

but after the lapse of some time ; or (3) relative, such as light, which require

a very low degree of resistive power before it can become an irritant. The
intensity of a surface irritant is its own force minus the resistive force of

the skin. The intensity is therefore purely relative to the surface tissues

of the person affected. Consequently in the class of accidental eczemas we
cannot altogether exclude the influence of the tissues themselves. No
classification can be based on the nature of the irritant. Experimental
pathology has shown that the attempt to mark off sharply inflammations
caused by mechanical and chemical noxse from those produced by bacteria

must be given up (Adami).

(2) Mode of Application.—The irritant may be directly conveyed into

the skin by a sharp instrument, such as a lancet, or by the prick of a thorn.

It may pervade the tissues of the skin, as in the case of ethereal waves of

light. It may be held in contact with the skin by means of clothes. The

1 By the word "surface " is implied all those tissues which are directly coucerned with the
making and the maintenance of the free surface, on whose integrity and inertness the health
of the skin depends.
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application may be medicinal or cosmetic, or it may be applied deliberately

for illegal or immoral purposes.

(3) Duration of Action.—Excluding agents which directly and instant-

aneously kill the epidermis, all irritants require the lapse of more or le.ss

time to produce an inflammatory reaction. The trade or professional erup-
tions are in some cases the accumulative result of innumerable stimuli of

moderate intensity, the workman remaining to all appearances unaffected

till circumstances lower the resistive power of the surface tissues.

(4) The Resistive Power of the Skin.—We may obtain every degree of

inflammatory reaction from hypersemia up to gangrene, according to the

resistance offered to the irritant by the surface tissues. Many handicrafts

are in themselves injurious, and their daily pursuit must be accompanied by
a process of slow attenuation of the resistive power of the skin. A good ex-

ample of the part played by this resistive power in the face of irritants is

the common flannel rash. Eough flannel will not produce a papular eczema
in a person whose skin is dry, firmly coherent, and innervated by quiet

nerves ; but the same flannel worn by the same person when the skin is

softened and macerated by excessive sweating, and when the cutaneous
nerves are irritable, is sufficient irritation to produce the rash.

II. Intrinsic Eczemas.—This class includes the commonest and in many
respects the most important forms of eczema. They are to be etiologically

distinguished from the eczemas of Classes I. and III. by the fact that the

particular irritant exercises very little control over the inflammatory
manifestation, this being mainly determined by the diminished power of

resistance on the part of the surface-making tissues. We must fix our

attention, therefore, on the epithelium, with the underlying double net of

capillaries and nerves. It is here that these eczemas are developed. It

is difficult to see how any interior organ, or functional disturbance, can

have the slightest influence on the origin and maintenance of eczema unless

it affects the equilibrium of the surface tissues. I must again repeat

that of definite morbiferous particles capable of producing these intrinsic

eczemas we know absolutely nothing. It is enough for practical purposes

to assume that some subtle injury has been inflicted on the epithelium.

But we have now to consider those circumstances which increase or diminish

the liability of the skin to injury. We may pursue this inquiry in two
directions—1st, What are the forces which habitually tend to inhibit or c

restrain the inflammatory manifestation ? 2nd, What are the circumstances

which influence this power of resistance ?

When we consider how large is the quantity of blood contained at high

pressure within the capillaries, arterioles and venous channels of the skin,

and that their only protection from the atmosphere is afforded by a delicate

nervous membrane, we can understand the need for some mechanism of

control. In addition to the passive resistance of the fibrous mesh, the inert I

horny cuticle, and the fat which is so abundantly distributed through the
I

epithelium, there exists an elaborate nervous mechanism for the purpose of

restraining the motor excitability of the arterioles and capillaries, and
thereby maintaining the cohesion of the blood-stream and the regularity of

its flow. The innervation of the skin is discussed in the article on the I

anatomy and physiology of the skin, and it will suffice to say here that

the evidence points clearly to two sources of control, namely the brain i

cortex and the vaso-motor mechanism of the skin itself.

The physiological experiments of Goltz and Ewald on the dog, of Sherrington
on the monkey, and of Saviotti and others on the frog, have clearly demonstrated I

that transection or removal of the spinal cord does not produce any permanent
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alteration in the circulation through the skin, all the functions of which are regu-

larly maintained, so long as the animal is protected from injury. Clinical experi-

ence is quite in accord with these physiological results. The extended experience

of Drs. Weir Mitchell, Moorhouse, and Keen on gunshot injuries of nerves has

shown that the complete cutting off of a limb from central nerve influence is not

followed by loss of blood tension in the isolated limb, the cohesion of the blood

being still maintained. But since the time of Cohnheim's experiments on the

cornea, and onwards, it has been a matter of common observation that loss of

sensation in the skin greatly increases its liability to injury, and therefore to in-

flammation. In Professor Sherrington's experiments on the monkey, in which the

spinal cord had been divided in the cervical region, he frequently observed ulcera-

tion over the external malleolus, which he attributed, not to any trophic disturb-

ance, but to pressure during the paralysed condition of the limb. The inference

to be drawn from these and many other facts of similar import is that the skin

receives a considerable share of its power of resistance from the cortex of the

brain, but when this source is cut off there still remains a local mechanism in the

skin itself which is capable of maintaining the cohesion and tension of the blood.

Further, it may be inferred that any block to those impulses which are constantly

descending from the cortex to the periphery, or to those which are constantly

ascending from the skin to the brain, greatly increases the liability of the skin to

injury, and therefore to serous inflammation.

It is a pertinent question whether this highly important and

demonstrated fact of the independent nervous control of the skin may
enable us to view the origin of the intrinsic eczema in a somewhat new
light. In the light of this fact it is not unreasonable to assume that

eczema is not something which is " caught," or implanted in the skin, or

the elimination of some poison through the cutaneous tissues, but, on the

contrary, something the elements of which are present in all of us, and

which are only kept down by certain natural checks. According to this

view eczema is inevitable in all cases where persons have lost their natural

securities. If this be the true and right way to regard eczema, as I think

it is, then, so far from being an entity, it is simply skin, or a portion of skin,

temporarily deprived of its natural checks to inflammation. These checks

or securities withdrawn, the skin inflames, or becomes eczematous, just as

water boils when atmospheric pressure is withdrawn, namely, by its own
inherent expansive power, and not by reason of anything which is added to

the water.

We have now to consider the circumstances which influence the resistive

power, or, in other words, the nervous control of the skin.

1. Age and sex affect the origin and development of eczema only so far

as they modify the physiological state of the skin. The skin, like the cortex

of the brain, gradually acquires the power of control, passing through the

immaturity of infancy, the revolutionary and transitional state of adolescence,

the maturity of manhood, and, finally, the senility of old age. The control

over the capillaries and arterioles varies in each of these periods, being de-

fective during infancy, unstable during adolescence, forcible during man-
hood, and weak but stable during old age. On the evidence of these

physiological facts alone we should be led to conclude that the intrinsic

eczemas are especially prevalent during early childhood, common in ado-

lescence, less so during manhood and still less frequent in old age. The
evidence of statistics of hospital and private skin clinics in large cities is

much in accordance with this a priori reasoning. There is, however, one

apparent contradiction, for clinical experience undoubtedly reveals a

notable increase in the proportion of cases of eczema during adult life, at

the very time when we should have supposed the neuro-vascular control to

have been greatest. But this apparent exception is in reality an additional

proof of the conclusions arrived at above. Taking Dr. Bulkley's statistics
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of 5216 cases of eczema, we find in his private practice the proportion of

cases occurring between the ages of thirty and fifty to be 501 males and
265 females, while in his hospital clinic the ratio for the same period was
372 males and 431 females. The inference to be drawn from these facts

which agree in the main with the experience of other dermatologists, is that

the prevalence of eczema during adult life is due partly to the abuse of the

nerve-controlling apparatus which the struggle for existence entails, but
also to the greatly extended relations of the men and women who have to

purchase their existence at the price of incessant daily toil. Thus while it

is physiologically true that the nervous control is at its height during man-
hood, it is also true that the irritation and dangers to which the skin is

liable have enormously increased.

2. Inherited Variations in the Neurility of the Skin.—The term neurility,

which was introduced by Lewes and adopted by Vulpian to express the

property of nerves to be excited, I employ here to denote the irritability of

the combined neuro-vascular apparatus of the skin. No fact has more
impressed itself on my mind during my professional career than the wide
variations in the character of the human skin. It seems, like the brain

cortex, to have an individuality of its own. Indeed the skin and brain

cortex often share certain characteristics in common. Nor is this to be

wondered at when we call to remembrance the fact that, from an embryo-
logical standpoint, the brain is an offshoot of the cutaneous epithelium.

There is a type of skin in which it is difficult to obtain a neuro-vascular

reaction by external irritation, in which the neuro-vascular apparatus pays,

as it were, very little attention to the perturbations which are transpiring

around it. We can handle these skins, therapeutically, with freedom, and
apply powerful stimulants with little or no risk of provoking a serous in-

flammation. This type of a quiet skin may suffer from psoriasis, rarely

from moist eczema.

A type of a very different sort is afforded by persons of a predominantly
nervous character, or with a strongly developed tendency to arthritic

rheumatism. Such persons carry about with them a sponge-like neuro-

vascular apparatus which feels and moves with every external and internal

perturbation. Individuals with hypersensory-motor skins of this type are

ever liable to catarrh, because they are always too much exposed to injury.

If they drive in the wind, or sit in the sunshine, or swim in the sea on a

sunny day, they are apt to develop an irritable eczema. We may cure the

eruption over and over again, but not the tendency ; that only yields to

thinning of the cortex, or to the dulling of nerve sensibility, the consequence
of old age.

Another variation in the neurility of the skin, and in its way one no

less characteristic, is met with in scrofulous young persons. This character

is to the skin what melancholia is to the " mental cortex," and essentially

consists in the slow rate of change from one capillary state to another. It

is in skins of this type that we so frequently find chronic rebellious, circum-

scribed patches of eczema, especially in the neighbourhood of the eyes, nose,

mouth and ears in young persons.

3. Acquired Variations in the Neurility of the S7cin which increase its

Liability to Surface Injury.—That the skin may pass from the normal
stable condition into one less stable, and less able to resist injury, is a fact

amply supported by clinical observations, although the steps by which

this degeneration takes place are not yet discovered. When eczema is

seen to follow some outstanding pathological or physiological event, such

as mental shock, pregnancy, a fit of the gout, the cutting of teeth, gastro-
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intestinal irritation, nephritis, etc., the constitutional disorder is dogmatically

affirmed to be the " cause " of the eczema. Many such cases have been

collected together by Dr. Bulkley of New York in a valuable paper. He
records and cites some remarkable cases following psychical shock, reflex

nerve disturbance from the mouth (teeth), intestines (tape worm), uterus

(pregnancy), urethra (stricture), and eyes (after straining). To rightly

estimate the importance of these constitutional disturbances we must remind

ourselves of the fact that their concurrence with eczema is not the rule, but

quite exceptional.
t
How many cases of eczema do we see in which no

notable constitutional disturbance of any sort is present, for one case which

presents some striking constitutional event or abnormality ? The ratio

doubtless varies according to the class from which we draw our patients.

In cities such as New York or London, where the rush and tear of life is a

formidable factor of civilisation, nerve exhaustion and nerve disorders must
of necessity be more frequently met with in association with eczema than

in quiet rural populations. The right conclusion seems to be that any
pathological or physiological event which lowers the cutaneous vaso-motor

control, which renders the capillaries more excitable, which diminishes the

cohesion of the blood, which increases the permeability of the capillary

walls, which over-stimulates the epithelium, does certainly increase the

liability of the skin to injury, and therefore to serous inflammation. No
circumstance whatever, in the opinion of the present writer, can convert

eczema into a true constitutional disease. However it may arise, it is

essentially a local process—a local expurgation or throwing off of injured

surface tissues. Take away the natural securities of the skin, diminish the

local control below a certain point, and the ordinary perturbations of

common life are quite sufficient to produce eczema.

4. Relations of Eczema to Gout.—The popular notion that eczema is

very frequently of gouty origin is open to grave criticism. Not only is

there no proof that the uric acid compounds can directly originate eczema,

but the evidence, so far as it goes, points to the opposite conclusion. Gout
is rare under twenty years of age, but the formation of uric acid is known
to be greatest in early life. Eecent researches have shown that uric acid

may be present in the blood without the development of gout (see " Gout ").

Sir Alfred Garrod has pointed out that the failure on the part of the

kidneys to eliminate uric acid is not accompanied by a vicarious excretion

of this principle by the skin. But the most direct proof of all is the

tolerance of the skin for uratic deposits. The formation of tophi in the

external ear, and in the neighbourhood of the joints, is not accompanied or

followed by an eczematous eruption. On the other hand, it cannot be denied
that gouty persons are prone to eczema. In the experience of Sir Alfred

Garrod about 30 per cent of gouty subjects suffer from eczema. In the

opinion of the present writer it is not the uric acid but the nerves of the

gouty man which predispose him to eczema. That inherited type of peculiar

tissue metabolism which culminates in gout is accompanied by an attenua-
tion of the resistive power of the skin, which makes the patient less able to

resist the effects of surface injury. There is nothing to distinguish gouty
eczema objectively from many other forms of intrinsic eczema. It is usually

confined to localities where the capillary circulation is below the average
velocity, or where it is apt to be interfered with, and which, from their

exposed position, are specially liable to injury, such, for example, as the
face, ears, hands and feet, flexures and genital region.

III. Mycosiform Eczemas.—The hypothesis that eczema is of parasitic

origin finds its chief advocate in Unna, who goes so far as to assert that the
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disease is a uniform one both as regards its histology and etiology. It would
serve no useful purpose to discuss this difficult matter in the present im-

perfect state of our knowledge. I shall, therefore, content myself with a

brief statement of the facts which have been added to our stock of informa-

tion within recent years. There is good ground for believing (1) that

several forms of living cryptogamic vegetations exist in the serous and fatty

exudate of the mycosiform eczemas
; (2) that the microbic forms at present

isolated are the bottle-shaped bacillus, the micro-bacillus, and the diplo-

coccus of Unna (morococcus)
; (3) that the morococcus is allied morpho-

logically and biologically to the staphylococcus albus, and that it is capable

of producing impetigo-like vesicles when experimentally inoculated into the

human skin; (4). that the morococcus is very prevalent in some forms of

seborrhceic eczema, but scanty in others. The exact pathogeneity and
bacteriological position of these organisms have not yet been determined,

so that a bacteriological classification of the mycosiform eczemas is impossible

in the present state of our knowledge.

The bottle-shaped bacillus seems to bear no definite relation to eczema or any
other cutaneous disease. They are seldom absent from moist fatty horn cells. We
may infer from this that they are innocent saprophytes. The vegetations of the
" micro-bacillus," an organism isolated and described by Sabouraud, are equally
abundant in seborrhcea capitis and in alopecia areata, and the same bacillus is

present also in the comedo of acne. Clearly it is attracted by a fatty soil, but
neither its relation to seborrhcea nor the scope of its morbiferous actions is yet
defined. The cocci which Unna has found in the scales and fatty discharge in so

many cases of seborrhceic eczema show no very distinctive characters under the
microscope. In the drier and more superficial portions of the exudate they cling

together in mulberry-like masses, a feature in their character which Unna has
sought to perpetuate by naming them morococci. All that we know at present
about these organisms points to their affinity with the staphylococcic group.
Their sudden entrance into the prickle layer of the epithelium provokes a sero-

leucocytosis. A thinner and more watery pustule forms than in ordinary impetigo.
Nevertheless these so-called acute eczema vesicles of Unna are probably, as Torok
maintains, of the nature of impetigo, and not true eczematous vesicles. Unna
himself recognises their impetiginoid character, and says they are not to be con-
fused with those secondary eczematous vesicles which are part of a general serous
inflammation. Unna, however, is not content with pointing out the prevalence
of these cocci in the mycosiform eczemas, but claims for them the power of origina-

tion, and regards their presence as the final proof of the identity of eczema. Con-
sidering the imperfect nature of the evidence we must regard these opinions as

hypothetical and non-proven. Notwithstanding these bacteriological difficulties

we are encouraged to hold on to the parasitic theory from considerations relating to

the course and development of this particular class of eczemas. Unna has rightly

pointed out the prime importance of sterilising the surface of the scalp, and of

correcting the seborrhcea in order to cure these eczemas, the scalp being regarded
as the fount and origin of the inflammation. Further support of the hypothesis
is afforded by the fact that local remedies which have the effect of killing the in-

jured epithelium destroy, at the same time, its infectivity, and arrest the centri-

fugal extension of the inflamed patches.

Histo-pathology.—It is a curious fact that the naked eye is capable of

discerning many variations and distinctions in the lesions of eczema which

disappear under the microscope. As Unna remarks, so simple and uniform

are the structural changes of eczema that it is difficult to avoid the con-

clusion that we are dealing with a uniform histological process. Nor is

there anything in this notion which contradicts the belief that eczema,

regarded from an all-round point of view, is a disease of different kinds in

different persons. It is the individual that determines what kind, and not

the histological process. From a precise pathological standpoint, eczema

may be defined as a device to throio off an injured epithelium. The method
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by which this is effected is essentially the same in all varieties of eczema,

both acute and chronic, and consists of :

—

(1) Blood fluxion to the menaced or injured part.

(2) Exudation of plasma into the epithelium.

(3) The softening and loosening of the epithelium in consequence of this

exudation.

(4) The stimulation of the deep germinal epithelium to new growth.

(5) Encapsulation of the softened cedematous epithelium by an under-

growth of impervious horny tissue.

(6) The casting off of the injured portion.

(7) The contraction of the capillaries, and the restoration of vaso-motor

control.

The microscopic changes in the skin are as follows :

—

1. Epithelium.—Cellular and intercellular oedema, the degree depending on the
acuteness of the process. Broadening of the plate-epithelium, and deepening of

the cones. If exudation is excessive, or if external pressure resists the escape, a
split occurs between the horny and granular layer to accommodate the plasma
(vesicle). The horny external layer is converted into a soft nucleated membrane.
With this softening of the surface one of the main defences of the skin against
external irritants is removed. This softening and nucleation of the surface horn-
cells is called parakeratosis, in contradistinction to keratosis, which is the normal
process of surface induration and the disappearance of the nuclei and cell-

contents. In dry eczema, especially in the papular forms, the growth of epithelium
is more pronounced than in the moist varieties, while the spongy condition is less

marked.
2. PapAllary Body.—The shape of the papillae is modified according to the

downward growth of the cones. Capillaries are dilated. In some acute cases
there is a gathering of leucocytes in this situation, but they may be normal or
subnormal in quantity.

3. Der-ma.—The connective tissue corpuscles are greatly increased in number,
with increase of collogen, in cases of indurated chronic eczema. Leucocytary
infiltration is absent in the true eczemas, this fact serving to distinguish them
from the dermatites.

4. Leucocytes.—The exact part played by the different varieties of leucocytes in
the eczemas has not yet been determined. Observation points to the conclusion
that they are only of secondary importance. Their presence in large numbers is

to be taken as an indication of some additional element in the etiology, such as
laxity and debility of tissue, the invasion of the skin by pyogenic organisms, etc.

5. Ferments play probably a not unimportant part in the pathology of eczema.
The present writer has shown that irritated human epithelium produces, under
certain circumstances, a proteolytic ferment capable of converting the proteids of
inflammatory plasma into peptones, and of liquefying gelatine outside the body.
The fibrin ferment is probably derived from the splitting up of leucocytes, or of
certain leucocytes.

6. Nerves.—There is almost a complete absence of exact information regarding
the state of the cutaneous nerves in acute and chronic eczema. Twenty years ago
(1879) Colomiatti published his histological observations of a number of eczemas
of papular squamous type. He found " essential changes in the cutaneous nerves."
Leloirs efforts to confirm Colomiatti's observations at first failed ; he could find no
evidence of disease either in the nerve-fibres or in their sheaths. But in his later
researches he states that he is able to confirm Colomiatti's observations. Since
then no further evidence has been adduced, although competent authorities have
searched. The inference to be drawn seems to be that no structural lesion of
cutaneous nerves underlie the development of eczema, but that in certain rare
instances the nerve-fibres may be involved in the inflammatory process.

The Principles of the Treatment of Eczema

I. Eczema is cured by Local Expurgation.—All successful treatment of

eczema is based on this method, and the more penetrating our insight into

the working of this process the more successful are our efforts likely to be.



206 ECZEMA

"When our methods of treatment fit into the natural process of recovery,

the result is a quicker cure ; but when there is no sort of harmony between

them, the consequence of our interference is a delayed cure or an aggrava-

tion of the original disorder. Considering the prime importance of this

'

principle, it is well worth our close attention. It has already been pointed

out that the essential act of eczema is the discharge of plasma into the

epithelium, with the subsequent encapsulation and casting off of the injured

portion. This is the whole intent of eczema as a pathological process. Striking

proof of this is afforded by the fact that the subsidence of the inflammatory

symptoms begins with the growth of a horny impervious membrane under

the cedematous and infective portion of the epithelium, thereby completely

excluding the injured from the uninjured portion of the epithelium.

As long as the infected cedematous portion of the surface remains organic-

ally connected with the rest of the epithelium, so long will the eczema

persist. If nature could, unaided, effect a spontaneous cure, it would

be by the throwing off of this injured portion, and if we have any thera-

peutic control over eczema it is only so far as we can aid this expurga-

tion.

Hence the treatment of eczema resolves itself into a definite piece of

work in dynamics. It is a pertinent question why the dynamics of nature

are so defective as regards the spontaneous cure of eczema. In other words,

what are the causes of the chronicity of eczema. Briefly I believe the

explanation to be that when vaso-motor control is once lost, and the surface

has become soft and cedematous, that the perpetual irritation of the outside

world prevents the surface tissues from returning to their normal state of

health. But, further, there is a strong tendency in the skin to stagna-

tion outside the blood-currents of the cutis. Thus leucocytes and micro-

organisms carried from the blood-stream into the epithelium degener-

ate and die ; and plasma in the same situation tends to stagnate, as is fre-

quently observed in the length of time that epithelial vesicles may remain

unchanged.
Since the success of our treatment depends on the harmony between it

and the spontaneous curative methods of nature, it is of prime importance

to the medical adviser to note precisely the state in which the eczema is at

the moment when he is called to interfere. He will find the eczema to be

in one of the following states :

—

1. The plasma exudes at high pressure ; the surface is moist and defective

in covering. In this state all we can do is to anticipate the next stage of

drying or desiccation. We can render valuable service in this direction by

the employment of astringent lotions, such as weak solutions of silver I

nitrate in distilled water. If the tissues are excessively cedematous and

the discharge thick and purulent, then desiccation is better attained by the

continuous application of Lassar's paste with 1 or 2 iDer cent of salicylic

acid (see page 209).

2. The plasma does not exude at high pressure, hut the surface is cedema-

tous, while the drying process, evidenced by scabbing, has begun. Here again

our remedies must be chosen with a view to aid the drying process. Care

must be taken to remove all scabs, as they are infective, and contain irrita-

tive organisms. An antiseptic but non-stimulating porous ointment should i

be selected. Salicylic acid not exceeding 2 per cent is perhaps the safest

and best of remedies in this stage.

3. All active exudation has ceased, a new surface has formed, but the

whole of the surface tissues are soft and still contain an excess of lymph and

plasma. As this first formation of a new surface is never stable or
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permanent, we can again anticipate nature by removing it. This may be

effected by the employment of a gentle irritant. Since it is advisable not

to increase the heat of the part, porous ointments are better than simple

fatty ones. In many cases calamine-zinc lotion, with the addition of one

per cent boric acid, or liquor picis carbonis answers admirably. It has the

great advantage of being drying, protective, and stimulating at the same
time.

4. There is no exudation ; the surface is dry and rough, the process of
expurgation having teen arrested. It is now that the real work has to be

done, namely, the separation of the injured surface, and the dispersion of

the stagnant plasma and cells. To effect this we must employ irritants,

and often in strong proportions, such as sulphur and tar (3j. or more to sj.),

or resorcin, carbolic acid, salts of mercury, chrysarobin, pyrogallol. Such
agents directly kill the surface epidermis, and do so more quickly than the

micro-organisms that may be contained in it (Sabouraud). This sudden
killing of the surface cells is followed by rapid exfoliation and formation of

a healthier surface beneath. In chronic cases we require to repeat this

exfoliative process, it may be several times, before we succeed in dispersing

the excess of lymph, and in obtaining a surface of sufficient inertness,

cohesion, and stability to resist the natural perturbations of the outside

world. In all this it must be borne in mind that it is not a question

of killing microbes by germicidal remedies. For, as Sabouraud has shown,
the surface tissue killed by the irritant treatment contains the micro-

organisms in a living and active state. Our remedies have simply hastened

a natural process of expurgation of injured epithelium.

II. Choice of Remedies.—From what has been said it will be understood

that the choosing of a remedy is not a matter of chance, but one which
is regulated by certain definite principles. In selecting a remedy we
must know clearly and precisely what it is we have to do. In a word, what
is the stage in the natural process of cure which we desire to anticipate ?

It will be found convenient to arrange our remedies in the following

classes :

—

1. Passive Agents.— These include neutral powders, vegetable and
mineral, such as oxide of zinc, calamine (artificial and native), stearate of

zinc, carbonate of magnesium, carbonate and oxychloride of bismuth,

lycopodium, wheat starch, talc, kaolin (cimolite), kieselguhr, chalk. It

may be noted here that pure native calamine is very difficult to procure,

and in case of doubt it is better to employ the artificially prepared
carbonate of zinc coloured to the required tint by the addition of a

little carmine. It does not turn black in the presence of sulphur (Brooke).

It is decomposed by salicylic acid, a disadvantage not shared by the pure
native calamine.

2. Desiccators and Astringents.—The above-named powders may also

be considered as passive desiccators. Astringents may be regarded
as active desiccators inasmuch as they contract the tissues (and blood-

vessels), and so actually diminish the volume of fluid in the skin.

The best astringents in regard to eczema are silver nitrate, alum, and
subacetate of lead. They may be combined with advantage. Thus silver

and lead go well together; also alum and subacetate of lead, but in

this case decomposition occurs with formation of acetate of aluminium.
They must be dissolved in distilled water. The quantity need not ex-
ceed 2 or 3 grains to the ounce. A few drops of glycerine and mucilage
of acacia may be added when it is desired to protect the surface from
friction.
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3. Irritants.— These may be conveniently subdivided according to

their degree of irritation into irritants of the first, second, third, and fourth

degrees. It must be remembered, of course, that the degree of irritation

depends not only on the intrinsic properties of the active agent but upon
its strength. We may roughly classify them as follows :

—

(a) Irritants of the first degree.—Boric acid, borax, ichthyol, etc.

(b) Irritants of the second degree.—Sulphur, wood, and coal tar, salicylic

acid, resorcin, subchloride of mercury, etc., in quantities not exceeding 2

per cent of the basis ointment.

(c) Irritants of the third degree.—Sulphur, wood and coal tar, salicylic acid,

resorcin, carbolic acid, styrax and Peruvian balsam, iodine, white precipitate,

etc., in quantities ranging from 2 to 10 per cent.

(d) Irritants of the fourth degree.— Chrysarobin, pyrogallol, creasote,

corrosive sublimate, red iodide of mercury and the agents of class (c) in

quantities exceeding 10 per cent.

III. Modes of Application.—Close attention must be paid to technical

details in order to secure success in the management of eczema. The action

of a drug applied to the skin varies not only according to its intrinsic

quality, but according to the way in which we apply it.

1. The Continuous Method.—Water and lotions may be applied con-

tinuously by means of compresses, with or without the protective covering

of oiled silk or gutta-percha. The method is excellent in its results, but

makes a greater demand on the time and attention of the patient than

some other forms to be mentioned. It is almost indispensable in the treat-

ment of erythematous eczema of the ears. Ointments applied on flannel or

butter-cloth are naturally more efficacious than when applied intermittently.

Water itself is a valuable remedial agent in the hands of those who know
how to handle it. The hot lath (98°-100° F.) softens the surface of the

skin, and also facilitates the escape of the pent-up plasma. At the same
time it relaxes the dermal capillaries over the entire surface of the body,

and so tends to equalise the cutaneous circulation. Its soothing effect is

very great, and it is often chiefly for this reason that we employ the hot

bath. It is specially indicated where the inflammation is of a nervous

character, as in cedematous eczema of the face, which is not infrequently

associated with mental and general nervous excitement. The soothing

influence exerted by the hot water on the nerves of the skin is communi-
cated to the cerebral and mental cortex, and to the lower nerve-centres,

with much benefit to the inflamed area. The sedative effect of the hot

bath is increased by the addition of Iran or oatmeal. About two or three

pounds should be sewed up in muslin and boiled for ten minutes in a sauce-

panful of water ; the bag and the water in which it has been boiled should

then be added to the bath. The detergent action of water is increased by
the addition of alkalies or alkaline salts, such as soda or bicarbonate of

potash. Enough of the salt should be added as suffices to impart a slight

alkaline taste to the water (30 gallons). In some instances ink baths are

given on account of the astringent action of the iron salt, but their practical

value does not appear to be very great. The addition of sulphur is often

of value. Instead of the crude sulphuret of potash, finely-divided nascent

sulphur may be formed in the bath by the use of " sulphaqua
" x charges.

They are much to be preferred to the old form of sulphur bath.

1 These presumably consist of the acid sulphate of soda and the dried hyposulphite of soda,

wrapped up separately, the former in lead paper, the latter in parchment. When dissolved

in separate basins of water and then mixed, chemical decomposition occurs with the formation

of nascent sulphur.
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Plaster muslins.—Unna has introduced a large number of these, which
are made by Beiersdorf of Hamburg by incorporating different medicaments
in a basis of gutta-percha and lanolin spread upon muslin. They are an
elegant mode of application, and, on account of their impervious nature
have a more penetrating action than ointments.

Salve muslins.—These are medicated ointments spread on one or both
sides of nraslin, but without the addition of gutta-percha.

Paraplasts are similar to the plaster muslins, but are made with caout-

chouc instead of gutta-percha, and are thinner and somewhat more flexible.

Varnishes are fluid applications which, on drying, leave behind a hard
film. In theory one might expect them to be a very useful mode of

application, but in my experience they have proved of very limited value.

Film-forming applications are indicated where it is desirable to prevent
friction. I have not met with a varnish which can resist the heat and
friction of the groin and perineal groove, where, theoretically, a varnish
is often indicated. The collodion and albuminous varnishes are of most
value on account of the pressure which they exert on drying. The
varnishes employed at present are (1) etherial, or benzine, solutions of

india-rubber, nitro-cellulose, gutta-percha
; (2) spirit solutions of resins, wax,

fats, oleates, and soaps
; (3) watery solutions of gum, dextrin, albumin,

gelatine, thiol, and ichthyol. Elliot has advocated bassorin as a basis for

varnishes. " Gelanthum " is made according to TJnna's formula of traga-
canth, gelantine, and glycerine. It is intermediate between an ointment
and a varnish, but it does not keep well.

Zinc gelatine.—This is a preparation made of glycerine, water, gelatine,

and zinc oxide in varying proportions, according as a stiff or a soft gelatine

is required. It is in many cases of great value. The gelatine is melted in
a gallipot, and, when sufficiently cool, painted on the affected part until a
uniform covering has been obtained. This is allowed to set, but, before it is

dry, should be dabbed over with absorbent cotton-wool, the fibres of which
adhere to the sticky surface, forming a firm dry covering. One of Unna's
formulas for zinc gelatine is :

—

Zinc oxide, 30 -

; gelatine, 30*0
;
glycerine, 50*0

; water, 90'0.

2. The Intermittent Method.—Where circumstances do not permit of
continuous treatment, we fall back on the use of ointments and lotions..

The requisites of a good ointment are sticking power, a not too low melting-
point, and that it does not neutralise or be incompatible with the active
properties of the included medicaments. Whenever it is desirable not to
increase the heat of the part affected, the ointment should be rendered porous
by the addition of some neutral powder, such as zinc oxide, calamine, or
starch. Lassar's paste is constructed on this principle, and has the follow-
ing formula :

—

Zinci oxidi 3j., amyli 3j., vaselini 3ij. Fiat ung.

The addition of water, or lime water, to a fatty ointment is often advan-
tageous, on account of the cooling sensation imparted to the skin. The
unguentum aquse rosse (B.P.) is a good specimen of a cooling ointment;
its thinness is often a disadvantage, but this can be mitigated by the
addition of 3j. or more of zinc oxide to each ounce of cold cream.

The question often arises in respect of the choice between an ointment
and lotion in any particular case. The question is of real importance, as
success or failure may turn on our decision. It must always be borne in
mind that the action of fat (per se), when applied repeatedly to the skin, is

vol. in 14
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to relax the surface tissues, to lessen the pressure on the capillary vessels,

and to diminish the loss of water by perspiration. These effects are most
apparent on the scrotum, which, under the influence of the fatty inunction,

becomes soft and flabby. Therefore, whenever it is desirable to keep the

skin well braced up, avoid ointments and choose lotions. This is specially

indicated in cases of eczema of the scrotum (see page 221). For the same
reason ointments, as a general rule, should be avoided in all cases in which
we have to deal with a strong hypostatic tendency, as in eczema rubrum, or

varicose eczema, below the knees. Ointments, on the other hand, should be

employed in preference to lotions in cases where hardness of tissues is I

present, where it is obviously of advantage to relax the surface tissues, as in
i

horny eczema of the palms and soles. When in doubt as to the choice of !

an ointment or lotion, prescribe a porous ointment or paste, which may be

regarded, therapeutically, as intermediate between a lotion and an ointment.

Constitutional Treatment.—In the treatment of the mycosiform or the
i

accidental eczemas we need hardly consider the question of internal treat-

ment. But in the management of the intrinsic eczemas, in which the surface
i

tissues play the leading part, we must never forget that we are dealing with \

an individual who suffers not only from an actual injury to the skin, but i

also from an increased liability to further injury. It is the nerves that we e

have to bear specially in mind, since they are mainly responsible for in-

creasing the liability to injury. Whatever remedy, or influence, is able
i

to strengthen the vaso-motor control, to regulate nerve action, to reduce the

tendency to ganglionic explosions, is able also to render service in the cure

of eczema. There is no specific drug, nor any single line of treatment to be

followed by blind routine. Most internal remedies, which custom has i

generally approved, often fail because they are given aimlessly. Ergot,

strychnine, quinine, ichthyol have done good service in properly chosen

cases, but the list of their failures is not a small one.

Climate and Atmospheric Influences.—Patients suffering from irritable

!

nervous eczema should be careful to avoid maritime climates and localities

exposed to brine-laden winds. But the more phlegmatic forms of eczema

are often benefited by sea or ocean air. We may take it as a rule that

inland localities are preferable, provided they are neither damp nor i

relaxing. It is the excellent situation of Harrogate which has helped to

establish its high reputation as a health resort for eczema patients. We
must never forget that the therapeutic value of "change of air" is partly'

to be attributed to what is neither air nor climate, but the fact that the

patient leaves behind him his worries and fretful circumstances. He is

not likely to be much benefited unless he can go away with an easy mind.

And this must be considered before giving him advice on the matter.

Diet.—The importance of diet in eczema is commonly exaggerated. As
a rule more harm than good results from meddlesome interference with the

natural instincts for food. Experience has taught the writer that in the

vast majority of cases of eczema it is unnecessary to specially diet thei

patient, provided of course there are no complications arising from over-

indulgence or injudicious habits of eating and drinking. The exceptions to

this statement are the neurotic and gouty cases, in which a purely milk

diet for a few days during and subsequent to the climax of the attack is of;

decided benefit. The gouty man should be encouraged to partake liberally

of vegetables, especially spinach and Brussels sprouts. As regards wines'

and spirits, all alcohol should be interdicted during the attack. For the

gouty the safest drink after recovery is probably whisky well diluted witb

water or salutaris. A little sound claret or hock is permissible.
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Part II. Clinical Types of Eczema—Their Diagnosis and Treatment

It is impossible to portray all the symptoms of eczema in its several forms

within the limits of a single picture. But if the designs are almost in-

numerable, they are nevertheless all drawn by the exudate and coloured by
the blood. Out of these two elements are constructed an infinite number of

pictures, according as we have more or less blood fluxion and more or less

exudation. Thus an abundant serous exudate approaching the surface

against resistance produces, with the hyperseniia, the picture of vesicular

eczema. If there is little or no resistance to the escape, the plasma exudes

in a general ooze, as in eczema rubrum. The drying and coagulation of the

plasma on the surface produces scabs. The casting off of the injured

cedematous epithelium in thin membranous or bran-like portions produces

scaling, and, if deeper portions of the epithelium are thrown off, scabs. If

the exudate is so moderate in quantity as not to be visible on the surface,

it results in a circular, circumscribed "dry" patch, more or less coloured

according to the degree of blood fluxion. The picture is further modified

according to the stage of repair, the aspect being scaly, scabby, and rough
before separation has occurred. On the other hand, when the new horny
layer is just complete, and the old one has been thrown off, the aspect is

that of a glazed, polished surface, often of a livid colour, owing to the

extreme slowness of the capillary flow and the relatively excessive quantity

of suboxidised blood. Since no two cases of eczema are likely to be in

precisely the same stage of evolution when seen by the medical adviser, and
as every square inch of eczematous skin may include different stages of the

process of expurgation at the same time, it is quite obvious that the several

types of eczema cannot be made to depend on its-lesions.

I. General Character of the Accidental Eczemas.—(See p. 199.) There is

nothing absolutely distinctive in the characters of the accidental eczemas,

and in some cases it is hard to distinguish them from the true intrinsic

eczemas. Usually, however, the following points determine the diagnosis :

—

(1) history, suddenness of onset, rapidity of course
; (2) the sharp, limitation

of the eruption to the area of external irritation
; (3) often (but not

necessarily) the uniformity of the lesions; (4) the presence of excessive

deep-seated oedema
; (5) intensity of the process with excessive exudation.

II. General Character of the Intrinsic Eczemas.

1. Acute Eczema.—The words " acute " and " chronic " are employed in

this article merely to denote the pressure at which the exudate enters and
passes through the epithelium, and are not intended to indicate the duration
of the course. An acute or high-pressure eczema is preceded by a sensa-

tion of burning and itching in some part of the cutaneous surface, where a

diffused or punctate redness soon becomes visible. The spot becomes
hotter and more irritable, and there is an irresistible impulse to rub or

scratch it. The usual smoothness and firmness of the surface disappears ; it

becomes softer and moister, also puffy and swollen; vesicles appear, and,
slowly or quickly pushing out the cuticle, cause it to break ; the plasma
exudes on to the free surface, and dries to a scab. Around the primary
focus the eruption is seen to be in various stages ; first, vesicles, broken and
unbroken

; beyond this, bright red papules, and, still farther away from the
focus of disturbance, hypereemic spots (maculae). On the outermost margin
of the disturbed area, the epithelium may appear more translucent than
normal, and here and there a streak of a capillary can be seen. Sooner or
later fusion occurs of all the several spongy spots where the irritation has
been greatest, and a uniformly reddened patch is formed, the surface of
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which is rough and scaly, with dry, or drying, scales adhering, and here and
there a glazed, smooth spot. Usually there are marks of excoriation where
the finger-nails have been. The margin of the patch slopes gradually down
into the pale skin, and is surrounded, usually, by many isolated red papules

and spongy points. In acute eczema with a high degree of infectivity

(non-bacterial) the inflammation spreads fairly symmetrically on both sides

of the body, also upwards and downwards. Thus eczema starting behind

one knee will soon appear behind the other, and will tend to spread up the

thigh and down the leg. Acute eczema of the genitals tends to spread

upwards on to the abdomen, and downwards on to the thighs. Acute
eczema of the scalp tends to descend over the forehead, ears and face to the

neck and shoulders. Acute eczema in any part of the cutaneous surface is apt

to be followed by the development of eczema in any region, the surface of i

which has been weakened by injurious habits of life, or by previous attacks of
I

eczema. The practical bearing of this is obviously that in all cases of acute
i

local eczema we should examine carefully from time to time all regions

exposed to friction, heat, or the macerating action of perspiration. In rare
i

cases eczema becomes almost universal. It is remarkable how little consti-

tutional disturbance accompanies even the worst forms of the disease. In o

cases where its development is rapid and extensive there may be consider-

able nervous excitement, which may show itself in trembling of the limbs

and in mental irritability. This is specially marked in alcoholic patients,

and in persons of neurotic temperament. But there is no fever and no

decided feeling of unwellness.

2. Chronic or Low-Pressure Eczema.—Most dermatologists are agreed

that eczema is essentially a chronic process subject to acute exacerbations.

It is always slow and insidious in its development, although the actual

attack may appear acute and sudden. When the high pressure period is

passed it sinks into the indolent stagnatory condition, which is the most

marked of the characters of eczema. There are many clinical varieties of

chronic eczema. The intrinsic (non-parasitic) forms, with which we are alone

here concerned, are the papular, the indurated, the cornified, and the follicular.

(1) The Papular Form.—Eczema may begin, continue and end as a

papular eruption. The papules are conical, round-topped elevations of a

brighter or darker red colour developing in close proximity, and varying in

size from a small to a large pin's head. The eruption was formerly known
as lichen simplex. In certain regions of the body, e.g. the shoulders, they

may acquire a smooth, fiat-topped aspect, to which Brooke has drawn special

attention. Eczematous papules are, as a rule, indolent and persistent.

Where overcrowded they run together to form a dense infiltrated patch.

The itching is severe, in some cases intolerable and maddening, and leads to

violent scratching. Hence in these cases the papules are usually crowned

with a minute blood scab. After prolonged or violent scratching the

eruption may acquire in some regions quite a peculiar lichenoid aspect, well

described by Brocq of Paris, in which there is great induration of the skin

with deepening and intensification of the surface lines and furrows.

(2) Indurated Form.—Eczema does not necessarily involve the derma

for it is essentially an epithelial-neuro-capillary affair. When the process

involves the derma it results in a sclerosis or fibrosis. In these cases ai
;

additional factor, the nature of which is still uncertain, comes into operation

Dermal induration does not altogether depend on time. Some persons hav

a stronger tendency towards sclerosis than others. The difference seems t<

depend on inherited trophic peculiarity. In certain cases eczema passe

rapidly from the acute condition into the indurated form ; while in other
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it may persist for months without showing any tendency to pass into

sclerosis.

(3) Comified Form.—In this there is a hypertrophy of the horny
layer ; it is commonly met with in the palms and soles (see under Eegional
Varieties for further description).

(4) Follicular Form.—This was first described as a special form of the

disease by Malcolm Morris. The inflammation begins in the hair follicles.

The eruption consists of angry-looking red papules surrounded by congested
capillaries. Where overcrowded the papules fuse together to form red patches

dotted with inflamed follicles. While the inflammatory process spreads at

the margin, resolution tends to set in at the original focus of the disease.

The itching is often intense. The patches are generally multiple and
scattered over the exterior surface of the arms and legs. This form is placed
provisionally in the class of intrinsic eczemas, but it is not improbable that
future research may warrant its removal to the group of mycosiform eczemas.

III. General Character of the Mycosiform Fczemas(SehorrhceicFczemas,etc.)

—Some authorities are inclined to transfer these eczematous forms altogether

from the class of true eczemas to the group of seborrhceides. They are
fairly entitled, however, to be included among the eczemas, as they manifest
all the pathological elements of genuine eczema, namely exudation into the
epithelium with expurgation of the injured tissue, and new epithelial growth.
So little is certainly known of the bacteriology of these forms, or of the
relationship which exists between the inflammatory manifestation and the
accompanying seborrhoea, that the present writer prefers to speak of them
collectively as mycosiform eczemas. There can be little doubt that the
group contains several varieties which both clinically and bacteriologically

are as yet ill defined. According to Unna, to whom we are chiefly indebted
for what information we possess, they are all examples of seborrhceic eczema,
in which the exudate is remarkably rich in fatty products, derived, in the
main, from the sweat glands, the efficient cause of the whole fatty-serous
catarrh being the morococcus. This conclusion will probably be modified
by future research.

Clinically all the mycosiform eczemas are distinguished by a low-pressure
exudate which usually (apart from complications) does not show on the
surface, but filters into the epithelium. The vascular paralysis is strictly

limited to the area of the injured oedematous epithelium, and, in consequence,
the outlines of the efflorescence are circumscribed, figured or serpiginous.
The commonest and most characteristic lesion is a circular hyperseruic disc
covered with greasy yellowish scales, which can be easily torn off. These
scales may exhibit little tags of fatty matter on their under surface, derived
from the follicles. This seborrhceic variety of mycosiform eczema usually
descends, as Unna has shown, from the scalp, where it begins as a pityriasis
capitis (common dandruff). It may remain in this condition for months or
even years. A certain proportion of these cases (the ratio not yet ascer-
tained) pass into the inflammatory condition. The earliest signs are to be
found at the junction of the forehead with the scalp, in the form of dry, red
scaly patches with a more or less defined margin. Soon signs of eczema
appear behind the ears. The post-aural grooves become reddened and
frequently fissured. This condition is usually aggravated by scratching,
and it is not rare to meet with an acute weeping eczema involving the ears
and temples. Early in the course of the disease we may detect yellowish-
red, greasy, circular patches over the sternum. In many cases the
inflammation surrounds the neck as a dry red collar, and may attack the
bends of the elbows, the genital-groin region, and the bends of the knees.
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In rare cases the disease may become almost universal. It is surprising

how superficial the inflammation is ; even long-standing cases may show no

signs of dermal induration. This character is so constant that it may be

said that if a patch of eczema is notably indurated it is probably not a

mycosiform eczema.

The epidemic eczema, described by Savill, probably belongs to the class of

mycosiform eczema. The cases described by this author occurred for the most

part in old bed-ridden people. The type is mainly that of a dry catarrh (low-

pressure eczema) assuming various lesional forms, which in the early stages

spread in ringed and serpiginous patches, and in their latest and worst

development are indistinguishable from pityriasis rubra. The contagious-

ness of the disease is proved by the large number of patients who were

attacked at the same time in the Paddington and Marylebone Infirmaries

in London. The disease is said to have been conveyed to animals. Savill

cultivated an organism which was constantly present in the scales and

exudate. It was an aerobic diplococcus growing in all soils, and not liquefy-

ing gelatine. The description tallies closely with that of Unna's moro-

coccus.

Eegional Forms- of Eczema 1

The Scalp.—Typel. The It air isfalling out ; the surface is covered with I

greasy scales, but is not obviously hyperazmic ; red scaly spots appear at the
\

junction of the forehead and scalp ; the nape may be suffused with a pink '

colour and perhaps scaly.

Treatment.—This is a mycosiform variety and intimately associated with

seborrhcea. It requires powerful detergent and stimulating treatment.

Wash the head for the first week every night with spiritus saponis viridis

(Hebra), thoroughly removing the lather with water, and immediately after-

wards applying an ointment containing 3j. of coal or wood-tar to the §j. i

If the tar is objected to, substitute sulphur (3j.) and salicylic acid (gr. x.- -

xx.) When the eruption has been removed the scalp must still be washed

once or twice a week, and a more agreeable ointment (salicylic acid, or resorcine

in white vaseline) prescribed. Later a lotion may be ordered containing

oleum ricini (3ss.-3j.) and salicylic acid (gr. x.-xv.) to gj. of rectified spirits.

Type 2. Similar to type l,but the temples are acutely inflamed and weep-

ing ; the ears are red and swollen.

Treatment.—This variety has the same origin as the preceding one, but

is greatly aggravated by the presence of decomposing discharge, and by

scratching. No fatty ointment should be applied in this stage, for the

obvious reason that the parts are already too relaxed. The desiderata are

drying, astringency and asepsis. Compresses wet with acetate of aluminium
(aluminii sulphatis gr. iii., plumbi acetatis gr. i.-ii., aquas distil, ad §j.), or i

with silver nitrate (gr. ii. to the gj.) in distilled water. When the discharge

has ceased, the surface will have a red glazed appearance. This is merely a

temporary surface, and will be certainly thrown off. Begin gentle stimulating

treatment. Mild sulphur liniment is excellent, such as sulphur gr. x., ol. a

olivarum, aquas calcis aa §ss. When the surface becomes dry, pale, and \\

rough, treat as in type 1.

Type 3. The patient is debilitated, perhaps alcoholic ; the surface of the \

scalp is acutely suppurating in places, and boggy and cedematous in others.

Treatment.—Here astringent lotions or porous ointments are indicated,

and not fatty ointments. As soon as the scabs have set and hardened, and

1 Owing to limitations of space it has not been possible to allude to the many excellent

and successful forms of treatment suggested by other -writers.
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the tissues are sufficiently contracted, the head must be washed with the

spirit solution of soap and stimulating ointment treatment begun. The
ointments are all the better for being a little porous in these cases, and this

is effected by the addition of 3j. or more of calamine or zinc oxide to the

|j. If sulphur and salicylic acid in combination fail, pyrogallol (grs. v.-x.

to 5j\) should be tried.

Type 4. The eczema is associated with a scalp wound.
Treatment.—Drying and astringent treatment is very important here.

Lassar's paste (see p. 209) with 2 per cent salicylic acid is an excellent

thing to begin with, and should be continued till the surface is firm and
dry, when soft fatty ointments may be employed as recommended in type 1.

Face (smooth parts).

—

Type 1. The patient is a teething child; the

surface of the forehead and cheeks is thin, red, and moist, the cuticle having

poor protective qualities.

Treatment.—The nerve irritation occasioned by the cutting of the teeth

is apt to aggravate the eczema. Care must be taken to cut off all sources

of reflex irritation, as far as possible. The food must be human or cow's

milk, the latter suitably diluted according to the age of the child. Locally

the skin must be screened from the air. Unna's zinc ichthyol salve muslin

is of great value here. It has, however, very little astringent action. If

the parts remain moist in spite of its use, astringent lotions must be applied

in compress form. When the surface is dry a slightly stimulating ointment
containing sulphur (grs. x.) and tar (ol. rusci TT^ x.) should be smeared many
times a day over the whole face.

Type 2. The face of a child is covered with pus seals, seated on a moist

and inflamed skin.

Treatment.— Purulent eczema is very common in children. Lassar's

paste, with 1-2 per cent of salicylic acid, or some similar antiseptic porous
ointment, is indicated. When the surface is dry, employ more stimulating

ointments or lotions. An excellent preparation for final treatment is tar-

calamine lotion.

Type 3. The patient is a highly neurotic adultperson, generally of the male
sex. The surface is dry, out hot, red, and much siuollen, especially about the

eyes, so as to prevent their being opened. The irritation is severe, in some cases

intolerable, producing great mental excitement. The symptoms are subject to

sudden variations, either in the direction of amelioration or of exacerbation.

Treatment.—This is a peculiar type of eczema in which there exists an
extraordinary sensitiveness of the neuro-capillary apparatus. We know
nothing as to the actual determining cause. In the treatment of this type
all active local remedies are contra-indicated. Bland creamy ointments are

all that are required locally in the early stage. A liniment of olive oil and
lime water, with a little zinc oxide or calamine to thicken it, generally

answers well. The patient must be confined to one room, and even kept in

bed if the symptoms are very severe. The diet during the stormy period
must be purely of milk. A 5-grain Plummer's pill may be administered
at the outset, or, as Malcolm Morris prefers, the wine of antimony in five-

drop doses repeated half-hourly till the force of the pulse begins to abate.

Such depressing remedies are only to be used at the height of the nerve
storm. With the subsidence of the symptoms a more liberal diet may be
allowed, but no red meat and no alcohol. Before the patient leaves his room,
astringent lotions must take the place of the ointment for the purpose of

hardening the surface so as to enable it to resist wind and sunshine. This
form of eczema indicates nerve fatigue, and is apt to occur when the
mental output is greater than the cerebral intake of nutriment. The
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ordinary diet of the patient should be rich in phosphates. If he is also

gouty he should be encouraged to partake of such vegetables as spinach and
Brussels sprouts. While nerve tonics are advisable, it must not be forgotten

that the best of restoratives are change of air and scene. Dry exhilarating

mountain air is much to be preferred to sea-level climates; maritime localities,

in fact, are liable to prove injurious.

Type, 4. The patient is a scrofulous child with dry, well-defined patches

of eczema situated at the junction of skin and mucous membrane.
Treatment.—This is the variety which Unna names " tubercular eczema."

It tends to develop in skins of a scrofulous type (see p. 202), and is

remarkably rebellious to treatment. The most satisfactory method in the

writer's experience is by means of the plaster muslins, of which the carbol-

mercury and the tar salicylic plasters are to be highly recommended.
Hairy Regions of the Face.— Eczema of those portions of the face

covered by the beard and whiskers has to be distinguished from sycosis,

tinea barbae and impetigo. Sycosis is essentially a follicular and peri-

follicular inflammation of coccogenous, bacillary or trichophytic origin, and
is usually a purulent form of inflammation. It tends in the chronic cases

to perifollicular induration, thus forming what are clinically known as

" nodules." The certain diagnosis of dry eczema from dry superficial tinea

of the beard can only be made by the aid of the microscope. Impetigo is dis-

tinguished from purulent eczema of the face by the fact that the suppuration

forms practically the whole of the impetigo process, while in eczema it

is only a part of a general serous inflammation. Consequently in impetigo

the inflammatory symptoms do not extend beyond the circumference of the

pus scabs, which thus convey to the eye " the appearance of having been

gummed on." In eczema, on the contrary, the scabs appear to be adhering

to a red catarrhal surface.

Type 5. Bed, dry, scaly patches are scattered through the beard and
whiskers ; they are quite superficial and do not affect the follicles ; they are

associated with pityriasis capitis.

Treatment.—This is a mycosiform (seborrhoeic) eczema. There is no

need to shave the beard or whiskers. A thin paraffin ointment containing

3j. or more of oleum rusci with 3j- of precipitated sulphur is to be well

rubbed in with the fingers. If preferred a spray of liquid paraffin containing

3j. of oleum rusci to the §j. may be used three or four times a day.

Type 6. The skin in the region of the beard and whiskers is of a dull red

colour, infiltrated and thickened to a moderate extent ; a few follicles are

suppurating. The disease is of many months' or years' duration.

Treatment.—This variety is known as sycosiform eczema from its

resemblance to sycosis. The inflammation, however, is not essentially

follicular, as in the latter disease. In the treatment of these chronic cases

care must be taken not to over-stimulate the weakened and damaged skin

by irritant remedies, which have the injurious effect of setting up fresh

suppuration. If possible the hair must be shaved, or at least clipped

close with the scissors. It is well to begin with a liniment such as the

following :

—

01. olivarum,
Aquae calcis, aa . . . . 5iij.

Zinci oxidi
Sulph. precip.

Hydrarg. subchlor.

Oiv.

3iij.

5ss.

This must be dabbed or painted over the affected parts many times in

the day. It must be continued until all suppuration has ceased, and the
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hyperemia and tension have been reduced to about half their previous

extent. After this the 5 per cent oleate of mercury and Lassar's paste in

equal parts, with 1 per cent of boric acid or salicylic acid, should be gently

rubbed in three times a day.

Type 7. The upper lip covered with the moustache is the seat of a patch

of chronic inflammation having a somewhat sharply defined margin; it

may, or may not, he scattered over with superficial pustules, but there is no

follicular induration. This variety is met with in old alcoholics.

Treatment.— This form is extremely rebellious and may persist for

months or even years. In the experience of the writer the only remedy

which has any influence over it is mercury. The ointment recommended

by Brooke for lupus does well here. The formula is :

—

Hydrarg. Oleatis, 5 per cent . . . 5}v.

Pastse Lassar ..... 5iv.

Acidi Salicylici ..... gr. x.

Ichthyolis . . . • • gr- *•

This must be gently rubbed into the affected parts morning, afternoon,

and evening. These patients require strict supervision, on account of their

loose, intemperate habits.

Lips.—Type 1. The lips are cedematous, much sivollen and immobile;

also covered with vesico-pustules and crusts ; the condition spreads on to the

parts around the mouth.— Begin treatment with an antiseptic porous

ointment (Lassar's paste with 2 per cent salicylic acid) or with zinc-ichthyol

salve muslin. When the surface is clean apply mild astringent lotions con-

taining silver nitrate (gr. ii.) or blackwash and olive oil mixed in equal parts.

Type 2. The lips, especially the lower one, are much sioollen, dry, and

red ; the cuticle covering the lips is peeling, cracked, and even deeply fissured.—
This is an extremely rebellious affection. In the writer's experience the

only treatment which has given good results is that suggested by Kaposi.

It consists in painting the lips with a 30 per cent solution of caustic potash

in water, and immediately after neutralising the alkali with vinegar or

dilute acetic acid. For a few days after this operation the swelling of the

lips is increased, but this is followed by a marked lessening of the

inflammatory symptoms and reduction in the size of the lips. Unna's

ichthyol varnish is a valuable addition to Kaposi's treatment. When the

oedema following the application of the alkali has subsided, the varnish

should be painted on the lips every night. It is not suitable for application

by day, unless the patient is confined to the house.

Eyelids.—These are specially prone to be affected in scrofulous children

with chronic inflammation, in which the exudate is apt to be purulent, and
is peculiarly rich in fatty products from the Meibomian glands. Mercurial

ointments hold unquestionably the first place in the treatment of this

affection. The Unguentum Hydrargyri acidi nitrosi dil. (B.P.) in the

proportion of 3j.-3iss. to %]. of lard is usually sufficient to cure the disease.

The application of a solution of silver nitrate in distilled water (gr. x.-xv.

to the 3J.) may be necessary in very rebellious cases.

Ears.—Type 1. Acute inflammation with great sivelling and serous dis-

charge.—Eczema of the ears is liable to sudden acute exacerbations, in which
the parts become enormously swollen, red, hot, and weeping. In this condition

ointments must never be applied to the ears. The continuous application

of muslin compresses wet with a solution of silver nitrate (gr. ii. to the §j.),

or of alum and acetate of lead, has the desired effect of reducing the swelling,

of lessening the hyperemia, and of arresting the discharge. After a few
days, when the ears have nearly assumed their normal size, gentle stimulation
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may be employed in the form of a liniment composed of equal parts of lime

water and olive oil with a little sulphur (gr. v.) and subchloride of mercury
(gr. v.) Eczema of the ears is often associated with inflammatory seborrhoea

of the meatus. It is essential to a permanent cure that this should be

treated. If the surface of the meatus is soft and cedematous an astringent

lotion is indicated, and its use may be followed by a sulphur-resorcine

ointment smeared on a plug of cotton-wool, and inserted in the meatus.

This should be renewed every six hours. Accumulation of wax or of

discharge should be syringed away, after softening, with a solution of borax
in water. If there is daily discharge, especially if of foetid odour or streaked

with blood, the middle ear is probably involved. Eczema of the ears is

usually accompanied by seborrhoea of the scalp, and this must be treated

according to the directions given above (see Scalp, Type 1).

Type 2. The parts behind the ears are red and fissured, and covered with
greasy scales and scabs.—This is generally a part of mycosiform (seborrhceic)

eczema of the scalp and other parts of the body. Ointments are borne well.

Porous ointments or pastes are better than simple fatty ones. If the surface

is moist, begin with Lassar's paste with 1 or 2 per cent salicylic acid. When
the surface is dry and scaly, a tar-zinc-sulphur ointment answers admirably.

The proportion of sulphur and tar must vary according to the degree of

stimulation required.

Type 3. In scrofulous children a very rebellious type of eczema is met
with behind the ears ; the parts are red, rough, scaly, and indurated, the

affected area being limited by a sharp margin. It may resist all the usually

successful remedies. Such cases may with advantage be treated with Unna's
mercury-carbolic acid plaster muslin (No. 88). One application each day is

sufficient.

Neck.— In well-marked cases of seborrhoea of the scalp the nape
seldom fails to show signs of hypersemia. It may be nothing more than a

pink coloration, but in many cases it becomes the seat of a very obstinate

chronic eczema. Strong stimulating remedies are required here. Coal-tar

is to be especially recommended, and may with advantage be dissolved in

spirits of wine with the addition of a little ether. The erythematous collar

which forms around the neck is commonly met with in the mycosiform
eczemas which descend from the scalp ; it is important, therefore, in these

cases always to examine the scalp. A lichenoid form of eczema develops in

some cases on the shoulders of men. Very powerful local stimulants are

necessary to cure it ; and care must be taken to remove the pressure of the

braces.

Tkunk.—This is usually the seat of dry mycosiform eczemas.

Type 1. The chest and back are covered with a dry, patchy eczema,

approaching clinically to the type of psoriasis.—In seeking to distinguish

this psoriatiform type of mycosiform eczema from typical psoriasis

it is necessary to bear in mind that the two diseases may occur simul-

taneously in the same person, and that in some cases the inflammation

may partake partly of the character of psoriasis and partly of that of

a dry seborrhceic eczema. In psoriasis the silvery appearance of the

scales seated on a dry hypersemic base, and their main distribution on the

tips of the elbows, the fronts of the knees, the extensor surfaces and scalp,

together with the chronicity and periodicity of the eruption, serve as a rule

to distinguish the disease from eczema. If any further doubt remains the

examination of the scalp usually settles the difficulty ; for psoriasis develops

in this situation in island-like patches, and does not lead to the death of the

hair as seborrhceic eczema capitis almost invariably does. The treatment is
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practically the same as for psoriasis. Sulphur and tar must be pushed
Boldly (3j- to 3ij- to the §j.) ; and if these are too weak, chrysarobin (gr. xx.

to xxx.) may be relied upon to remove the eruption. This form of eczema
is not incompatible with the daily bath. There is no need to specially diet

the patient. Internal treatment is not required so far as concerns the eczema.

Type 2. The surface is very red, and actually moist in certain places

;

other parts are occupied by numerous bright red papules ; there is great vaso-

motor irritability, and the whole inflammatory process is spreading.—If

there is no renal or cardiac disease, and no arterial degeneration, and the

patient is not too debilitated, a full-length warm bran-bath may be given.

The temperature should not exceed 100°. Circumstances must determine

the duration of the bath ; it may vary from quarter of an hour to one hour
or even longer. A single bath may suffice ; for all that is required of this

water treatment is to relax the tissues, to aid the removal of the discharge,

and to equalise the cutaneous circulation. If this is not attained the first

day, the bath must be repeated the following night. After the bath the

body must be carefully dried, and at once anointed with a cooling and
porous ointment. Cold cream with 5ij- of zinc oxide to the gj., and 1 per

cent of boric acid, or 2 per cent of salicylic acid, is a suitable form of

treatment. A cheaper ointment is benzoated lard gj., calamine 3j., and
salicylic acid gr. x. When the inflammatory symptoms have subsided, and
the surface has become rough and scaly, tar and sulphur in gradually

increasing strength are indicated. In females with eczema under the breast,

it is absolutely essential to separate the parts so as to prevent contact ; zinc

ichthyol salve muslin is useful for this purpose. When this cannot be
obtained, a porous ointment, such as Lassar's paste (see p. 209) with 2 per

cent salicylic acid, spread over muslin, must be inserted under the breasts.

Axilla.—Eczema in these regions is apt to be modified by heat,

abundant secretion, and constant friction. During the acute stage zinc-

calamine lotion with 1 per cent boric acid, or Lassar's paste with 2 per

cent salicylic acid, is safe treatment. The subsidence of the symptoms is

always to be followed by the more stimulating application of tar, sulphur,

or subchloride of mercury.

Arms.—There are only two types which require special description.

Type 1. The eruption consists of spongy points closely clustered together

in patches far apart from each other. The skin is thin, and the neuro-

capillary apparatus highly sensitive. Very slight irritation causes a thin,

clear serum to ooze outfrom the spongy 'points ; some of these are temporarily
closed with a minute scab not larger than a pin's head of medium size. The
patients are in poor health, and frequently are the victims of nervous
exhaustion.—This is a peculiar type of eczema which is to be distinguished

from the common varieties by the fact that the degree of inflammation is

not proportionate to the amount of epithelial injury, but is determined by
the morbid irritability of the neuro-capillary system of the skin. There is

a conspicuous loss of vaso-motor control. No form of eczema is more trouble-

some to the patient or to the physician. The irritation is often intense.

Very slight stimulation will cause the discharge to break out afresh. The
ordinary remedial ointments only cause fresh serous exudation. The only
local treatment required is to cut off all sources of irritation (air, light,

friction of clothes, finger-nails), and this is best attained by astringent or

alkaline lotions applied in compress form with an over-covering of oiled

silk. When the patches have lost their spongy aspect, the compresses may
be exchanged for zinc-ichthyol salve muslin, or calamine lotion with a few
minims of liquor picis carbonis. Nerve tonics such as quinine, strychnine,
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phosphoric acid are indicated, but they will do no good unless we can set

the patient free from the circumstances which worry and fatigue his brain

and mind. Thus change to bracing hillside air is often of more value than
medicine.

Type 2. The tends of the elbows are red, dry, and indurated ; the natural

lines andfurrows of the surface are exaggerated.—Eczema is very common
in the bends of the elbows and is apt to become chronic, and to linger there

after it has disappeared elsewhere. Here, as also behind the knees, eczema
is specially prone to involve the derma, which becomes indurated and
sclerosed. From its anatomical position it is subject to disturbances arising

from pressure on nerves (prolonged flexion), and the constant movement of

parts. Eczema in these regions must always be treated by the continuous

method (see p. 208), and usually by ointments in preference to lotions. To
remove induration we may require strong tar-sulphur-salicylic ointments.

If these fail we must employ chrysarobin.

Hands.—The hands, with the face, are the most nervous regions of the

cutaneous surface. Bouts of worry and nerve-exhaustion are specially apt

to be followed by the development of eczema in these parts in persons with

defective vaso-motor control.

Type 1. The eruption consists of patches of spongy points in a thin over-

sensitive skin.—This is the same as Type 1 described above under Arms.
Type 2. The eruption consists of superficial vesicles forming sloioly and

dispersing sloioly, each being isolated, distinct, and well-formed ; fresh crops

of vesicles arise at intervals until the hand on both sides is fairly studded

with vesicles; when they are crowded together, azdematous red patches are

formed, but in the early stages there is very little hyperemia. The burning
and itching are severe.—This variety is slow and tedious in its course,

owing to the local anatomical obstacles to the dispersion of the plasma, and
the throwing-off of the injured epithelium. If the hand is studded with

vesicles, and the irritation is severe, the whole of the surface-skin must be

removed before a permanent cure can be obtained ; and remedies which are

fitted to do this, without increasing the irritation, are clearly indicated. The
shortest road to this end is complete immersion of the hands in alkaline

warm water. "When this is not convenient alkaline water compresses may
be used. When the cuticle is sufficiently macerated, and the exudate

dispersed, the water treatment must be stopped. At this stage the hand
looks worse, owing to the predominance of the hyperemia and the fusion of

the lesions into each other. In reality, however, the conditions for healing

are much more favourable. The parts must now be covered with a kerato-

plasty porous ointment. One of the safest of the keratoplasty agents for

general recommendation is salicylic acid x in proportions not exceeding 2 per

cent of the ointment basis, which may be benzoated lard with 12 per cent

calamine or zinc oxide. Under this salve the surface soon becomes reformed

and hardens, and then requires the addition of a little tar to the ointment.

Treatment must be continued long after the surface has become fairly pale

and intact, since vaso-motor weakness and softness of the surface remain for

several months. Tar calamine lotion is to be recommended in this final

stage.

Type 3. The palms and fingers are the seat of a rough, corneous, thickened

state of the epidermis; one or more of the lines of flexion are fissured and

exude plasmxt ; in some cases the eczema involves the cutis, producing more

or less induration. The disease is usually symmetrical.—Only two other

1 In stronger proportions salicylic acid displays an action the reverse of keratoplasty,

namely keratolytic.
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conditions are likely to be confounded with this form of eczema, namely,

psoriasis and late symmetrical syphilides. As regards psoriasis, a

knowledge of the differential diagnosis is of no importance so far as

concerns treatment, but it is useful for purposes of prognosis. If the

condition of the palms is part of a dry cutaneous catarrh which is worse in

autumn and spring, if it has lasted off and on for years, and tends to involve

specially the tips of the elbows and the fronts of the knees, the right

diagnosis is psoriasis. The psoriatic inflammation of the palm is a dry

process which produces red discs surrounded by a free collar of ragged

epidermis, imparting to the lesion a worm-eaten appearance. To distinguish

from syphilides note the history and course of the disease. If there is no

appearance of a serous exudation endeavouring to escape through the

thickened stratified epithelium, if there are no moist or dry fissures, if the

lesion is conspicuously circumscribed and surrounded by pale skin, and at

the same time passes deeply into the cutis with marked infiltration, the

diagnosis is in favour of syphilis. A point of prime importance, which

Mauriac of Paris has pointed out, is that a genuine syphilide of the palm
may in course of time lose all its syphilitic taint, and degenerate into a

simple eczema, which is unaffected by mercury or iodide of potassium, but

yields completely to suitable local treatment.

Treatment.—The natural indication is the removal of the injured horny

tissues, and this is best effected by covering the parts with salicylic plaster

muslin containing from 5 to 10 per cent of salicylic acid. Fresh plaster

must be applied once daily, and continued till the horny tissue is removed,

when zinc oxide or tar plaster may be substituted for the former, and
continued till the surface is once more reformed. A stimulating ointment

should now take the place of the plaster, such, for example, as salicylic acid

(2 per cent), oleum rusci (2 to 5 per cent), zinc oxide (10 per cent in lard or

vaseline).

Cheiropompholyx.—It is still a question whether the disease known as

dysidrosis or cheiropompholyx should be included among the eczemas. The
vesicles of cheiropompholyx are more deeply seated at their origin than

those of eczema, and bear a superficial resemblance to boiled sago grains.

The most prominent feature is the intense irritation which accompanies

their development. The disease is symmetrical, and may attack the feet

at the same time. It occurs most commonly in young neurotic women, and
is apt to relapse after apparent cure. A mistake in diagnosis is of no
importance so far as concerns treatment.

Genital Eegion.—Scrotum.—When eczema thoroughly attacks the

genital region it is not easily cured, for it is a region specially liable to

injury, to unrest, and to disturbances of circulation, owing to the numerous
flexures, its dependent position, and to the fact that it is one of the hottest

and most glandular parts of the cutaneous surface. The worse forms of

scrotal eczema occur in persons whose muscular scrotal fibres are completely

relaxed. A flabby scrotum in a man over fifty years of age, and addicted to

the pleasures of the table, will retain more or less of its eczema indefinitely.

Owing to the relaxed condition of the fibrous meshwork of the scrotum, the

exudation extends laterally and deeply, so that}, in acute cases, the organ

may be enormously swollen. No form of eczema is more harassing than
that affecting the genital region. It commonly spreads to the groins,

reddening and cracking the skin at the bottom of the grooves, and may
involve the penis, or spread over the abdomen and down the thighs. The
anus in long-standing cases is usually involved.

Type 1. The scrotum is relaxed, swollen, and red, and covered with foul-
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smelling secretion.—Treatment may be started by a single warm bran,

boracic bath of ten minutes' duration to remove secretion and putrid

products ; and this should be followed by the application of compresses of

mild astringent lotions (silver nitrate, alum, acetate of lead), to be kept in

position by means of a pair of white cotton bathing-drawers. The astringent

treatment must be continued till the scrotum is well braced up. Later the

addition of tar solution to the lotion is to be recommended. Ointments
should be avoided.

Type 2. The scrotum is flabby and slightly swollen ; dry with no obvious

secretion, but hypercemic, hot, and probably scaly. The groins are red and

fissured.—Here there is no need for the bath. Astringent lotions should be

used as in Type 1. Ointments must be avoided. Bathing-drawers must be

worn constantly, and the lotion applied on soft flannel or butter-cloth, a

separate piece being placed in each groin, and another over the scrotum.

Anus.—Two forms of the inflamed anus are commonly met with—(1)

the leathery anus, and (2) the pink anus ; both require different treatment.

The irritation which accompanies anal eczema is in many cases of a very

distressing nature, depriving the patient of sleep and appetite. It may be

deeply seated, passing into the rectum. The condition is usually associated

with haemorrhoids, that is, with local disturbances of the circulation. The
inflammation usually passes up the perineal groove, leading to Assuring of

the epidermis.

Type 1. The Leathery Anus.—Here the parts are hypertrophied and of

a dull red colour, in some cases dark brown owing to the increased pigmenta-

tion. Zinc gelatine (see p. 209) is well-borne in these cases and usually

gives great relief, and may effect a satisfactory cure. Examine the anus

internally. Haemorrhoids and fissures must be treated on surgical principles.

Type 2. The Pink Anus.—This is more troublesome to treat than the

leathery anus. The parts around the orifice present a bright red appearance,

are very soft and tender, and are much disposed to fissure between the anal

folds. The soft cedematous condition passes directly into the rectum. The

itching is very persistent and is always worse at night. This variety is

commonly met with in persons who are prone to rheumatism, or who suffer

from some of the atypical symptoms of gout. The writer regards it as an

indication of local muscular and capillary relaxation. The pink anus does

not usually bear well the zinc gelatine, which fails to adhere to the hot damp
surface. A pad of zinc-ichthyol salve muslin should be inserted between

the buttocks, and renewed morning and evening. All sources of rectal

irritation must be carefully removed, as, for example, hard stools which

necessitate straining. It is not advisable to purge unless there is evidence

of intestinal irritation. A little cascara or compound liquorice powder is

usually sufficient. The parts should be cleansed with a little boric lotion

after stool, and the salve muslin reapplied. The deep-seated irritation may
be relieved by a suppository containing a little hamamelin and opium as

recommended by Malcolm Morris. Enemata are not advisable, as they

usually distress the patient. Diet must be considered. High living is

injurious, and all highly spiced and complex articles of food must be omitted

from the patient's dietary. Malted alcoholic stimulants are more likely to

disagree than good sound clarets or hocks, but the patient cannot be too

careful in regard both to the quality and quantity of his stimulants.

Penis.—No special description is needed, as all that has been said

regarding the scrotum applies also to the penis. In some cases the prepuce

is affected on its inner surface along with the glans. Scrupulous cleanliness

with the use of an astringent lotion is all that is necessary to effect a cure.
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Vulva.—The treatment of eczema of the vulva is similar to that of the

scrotum. Lotions are to be used in preference to ointments.

Gkoin.—It is important not to confound the so-called eczema margina-
tum with simple eczema of the groin. The former is a trichophytosis

which, not seldom, is marked by secondary inflammatory symptoms due to

friction and the irritation of decomposed secretions. Whenever the margin
of an inflammatory patch in the groin has a sharp serpiginous outline, the
probability of a parasitic origin is great, and the microscope must be used
to settle the diagnosis. The treatment of parasitic inflammation of the
groin must be strong and energetic ; most failures are due to the practi-

tioner attempting too little. On the other hand, simple eczema of the

groin requires soothing astringent treatment, and in the later stages

slightly stimulating remedies. The chief trouble is the constant tendency
to the formation of fissures. Silver, lead, or alum lotions, with or without
the addition of tar, are the safest remedies.

Legs.—Type 1. Eczema rubrum.—The essential point about this

variety of eczema is the hypostatic oedema, with high degree of vascular

congestion. It commonly occurs in persons whose legs are covered with a
thin, imperfect cuticle which offers little or no resistance to the escape of

the plasma. The condition is aggravated by increased venous pressure

(Varix). As a general rule ointments should be avoided. Paint the parts

three times a day with calamine lotion containing 1 per cent of boric acid.

When all active exudation has ceased, and the surface has become dry and
scaly, stimulating agents such as tar and subchloride of mercury may be
added to the calamine lotion in place of the boric acid. When the skin is

excessively oedematous and rotten, and especially if there be suppuration, it

is well to anticipate the calamine lotion treatment by the use, for a few days,

of Lassar's paste with 1 per cent of salicylic or boric acid.

Type 2. Indurated chronic eczema behind the knees.—Eczema has the same
tendency to become chronic and indurated in this situation as in the bends of

the elbows. The treatment is the same as for the elbows. (See Arms, p. 220.)

Eeet.—Exactly the same types are met with here as in the hands.
There is, however, a greater tendency to intertrigo between the toes, on
account of the accumulation of secretion, and the pressure exerted by the
coverings of the feet. Horny eczema is apt to be more chronic than on the
hands. After the plaster treatment an oleate of mercury ointment with
beta-naphthol (10-30 grains) should be rubbed in vigorously two or three
times a day. In very chronic cases, or in persons who have a past history
of syphilis, a papillomatous hypertrophic condition of the heel may develop,
closely resembling tuberculated and syphilitic hypertrophy, but without the
same tendency to spread beyond the regions of pressure. The cure is very
tedious, but must be conducted on the same lines as those indicated above.

Nails.—The nails, when involved in the eczematous process, become, like

the palm cuticle, thickened and brittle, and lose their smooth, glistening
aspect. The longitudinal ridges become coarse and pronounced, and the
surface appears pitted " like the rind of an orange." In chronic cases the
nail becomes greatly thickened. According to Mr. Jonathan Hutchinson
eczema of the nail is to be distinguished from psoriasis by the fact that
in the latter the process begins at the free margin, and not at the lunule, as
in eczema. Further, in psoriasis the surface of the nail is unaffected, while
the disease tends to the partial loosening of the nail. Arsenic, which in Mr.
Hutchinson's experience cures psoriasis of the nails, has no effect on eczema
m this situation, nor even on those mixed cases in which psoriasis and
eczema coexist. Eczema of the nail is extremely rebellious to treatment.
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The best results in the writer's experience have followed the frequent local

application of a strong solution of salicylic acid (5j.) in acetic ether (5j.),

the nail being scraped previous to each application. This treatment is not

suitable if the surrounding soft parts of the finger are inflamed. The skin

itself must be cured before the nail treatment can be undertaken.

The parasitic fungi, achorion and some varieties of the trichophyta are

capable of invading the horny substance of the nail, which in such cases

becomes brittle and tends to split into laminse, in consequence of which it

becomes rough and lustreless in appearance. Whenever the substance of

the nail has a crumbled aspect, fragments should be softened in liquor

potassae and microscopically examined before pronouncing a diagnosis. If

its parasitic nature were overlooked difficulties might arise on account of

its contagiousness.
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Anatomical.—In the following description the term epicondyle will be

taken to refer to that prominence of bone, on either side, which is without

the capsule, and which may or may not be entirely epiphyseal.

The condyles proper, then, are within the capsule, intra-articular ; the

outer includes the capitellum, the inner the trochlea.

In the examination of all injuries about the elbow -joint a clear

appreciation of the normal relationship of the parts is essential. The
prominent tendon of the biceps is plainly visible in front of the joint. Its

outer edge is separated from the extensor mass of muscles by a distinct

furrow which indicates the line of the deeply placed musculo-spiral nerve.

The furrow or hollow on its inner side, between the inner edge and the

flexor group of muscles, is less visible and marks the situation of the median
nerve and the brachial artery.

The fold of the elbow is a little above the line of the articulation

(Treves). Its extremities correspond to the summit of the epicondyles.

The prominent and pointed internal epicondyle, the olecranon process,

and external epicondyle, are the important bony landmarks.

The summit of the olecranon is, in full extension, slightly above a

transverse epicondylar line, but forms with this line in flexion a triangle,

the apical angle of which varies with the degree of flexion.

The interval is greater between the olecranon and external epicondyle,

and less important than that between the olecranon and internal epicondyle

which lodges the ulnar nerve.

The natural deviation of the forearm outwards on account of the

obliquity of the trochlear articular surface of the humerus should be borne

in mind.
Immediately below the external epicondyle and just behind the muscular

mass formed by the radial extensors and supinator longus, the head of the

radius can be distinctly felt, indicating its point of contact with the

capitellum.

On deep pressure in front of the joint the coronoid process can be

felt (Chiene).

It is needless to add the advantage gained by a systematic and com-
parative examination of the injured and sound joint, and in various positions.

Limitation of movement, of flexion, of extension, of pronation, of supination,

and the existence of increased or diminished lateral deviation should be
noted. By placing the middle finger and thumb of both hands on the

epicondyles of the injured and sound joint respectively the forefingers can be

placed on the olecranon, and its varying relation ascertained.

Care should be taken not to confound transmitted crepitation for that

supposed to be under the examining finger.

Among the difficulties of diagnosis are the early rapid swelling of the

parts, and the occasional presence of a more or less complete dislocation.

Fractures.—Fractures of the lower end of the humerus may be con-

veniently divided into :

—

(a) Those which do not directly communicate with the joint.

(b) Those which extend into the joint and involve the articular surface.

(a) The only fracture that need be mentioned belonging to the first

division is a fracture through both the epicondyles, in children practically

including in the lower fragment the entire epiphysis.

VOL.111 15
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This fracture is usually the result of an indirect blow either on the point

of the elbow or on the hand.

It is most frequently met with in children (twelve out of eighteen

—

Hamilton).
The line of fracture in the adult is generally oblique ; the direction of

the obliquity depends upon the cause. Usually the lower fragment is dis-

placed backwards, carrying with it the forearm.

The pointed ragged extremity of the diaphysis buries itself in the

brachialis anticus.

The converse may be the case, the lower fragment with the forearm

carried forwards and the diaphysis backwards.

In children the line of fracture is more transverse than oblique, involving

a detachment, complete or in part, of the lower epiphyses.

Diagnosis.—All the signs of fracture are present. Deformity is mani-
fest, more so in the adult. Holding gently the epicondyles, they will be found

to move with every movement of the forearm, and to permit of an amount
of lateral movement which plainly establishes unnatural mobility.

With the fingers behind and the thumbs in front, the lower fragment can

be guided into position. This movement may elicit crepitation.

Displacement immediately recurs, especially in the oblique variety, as

the oblique surface forms no basis of support. The humerus will be found

shortened on measurement.
If the injury be a compound one, the upper fragment, denuded of its

periosteal lining, is usually shot through the skin. Whether in such an

injury the joint is opened is a question much debated and all-important in

regard to treatment and ultimate result.

That the joint is not opened in every case is certain, and even if opened

may be effectually shut off from septic infection should such occur.

Occasionally the nerves, the musculo-spiral, median, ulnar, are damaged
and sometimes torn through, necessitating operative interference. The
brachial artery has been so injured as to give rise to gangrene.

Treatment.—One cannot emphasise too much the advantages of full

anaesthesia in all injuries of the elbow-joint. It places the diagnosis on a

more certain foundation, and renders accurate the apposition and retention

of the fragments."

In this particular fracture, having reduced the displacement, some means
must be taken to ensure fixation of the fragments.

Some use no splints at all, others fully flex the elbow and fix with

bandages of sticking-plaster, making the triceps tendon act the part of a

splint. A splint of some kind is probably advisable, but whether applied

in front, behind, or laterally, in a position of flexion or extension, is a matter

of opinion.

In the child the position of extension is irksome, and in the adult, if

with traction, which is sometimes necessary, necessitates absolute confinement

to bed.

A padded hoop-iron splint bent to the angle which seems most effective,

and applied either to the posterior aspect of the limb alone or to the front

as well, answers admirably in children.

In the adult, if extension with traction be found most serviceable, care

should be taken that union does not occur with the forearm in a position of

varus or valgum, a result more likely to happen in treatment by extension

than in treatment by flexion.

A posterior moulded splint applied with the forearm in a position of full

flexion seems in our opinion to yield the best results.
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No splint should be kept on longer than three weeks, when passive

motion should be commenced.

(&) Of the fractures of the lower end of the humerus which directly

communicate with the joint, exclusive of epicondylar fractures, there are

two chief varieties :

—

1. Oblique fracture through the articular end separating the capitellar

surface; and
2. Oblique fracture through the articular end separating the trochlear

surface.

1. By far the most frequent variety is that involving the capitellum.

The usual line of fracture is from above, downwards and inwards from a

point immediately below the external epicondyle to the ridge separating the

capitellar from the trochlear surface, though a varying amount of the

capitellum may be carried away.

It is mostly met with in young persons up to the age of puberty, and
may, like all other injuries to the elbow, be the result of a direct blow on

the elbow itself. It is usually, however, the result of a fall on the pronated

hand, so that the force is transmitted through the radius to the capitellum,

which is thereby driven upwards, carrying with it in some cases the external

epicondyle.

Diagnosis.— On the arm being straightened the fragment is pulled

downwards by the external lateral Ligament, and rotated outwards, so that in

some cases it can be felt under the skin.

The elicitation of crepitation may be difficult owing to separation of

the fractured surfaces, and specially so if the fracture be accompanied by a

dislocation backwards of the radial head.

Any attempt at movement causes intense pain.

The results of treatment hitherto of this fracture have not been

satisfactory. If union occur with the fragment displaced and rotated, excessive

callus is thrown out, causing subsequent limitation of movement and an
awkward projection in front of the joint ; and, on the other hand, if the

fragments do not unite, such an amount of cubitus valgum results as to

render the arm remarkably useless.

Though in children continued passive motion may improve matters, per-

fect movement is impossible, and a varying amount of valgum will remain.

Treatment.—Opinion varies as to the best line of treatment.

No one doubts the value of full anaesthesia in an attempt to fix in

position the broken fragment, but whether this can be done effectually

without cutting down and wiring or pinning the fragment is a question

still sub judice. That this minor operation can be easily and safely done
there is no question whatever.

"Without operation the difficulty lies in replacing and keeping the

fragment in position. A padded posterior metal splint where the angle can
be changed every few days, with local pressure over the fragment by a pad,

will reduce the chance of ankylosis or of vicious union.

Transverse intra-articular Fracture of the Capitellum.—The capitellum

may itself be fractured without involving the external epicondyle, the

fragment usually being completely separated and lying free in the joint.

Very much the same cause acts as in the oblique variety, viz. fall on
the hand with force transmitted through the radius.

The signs are also similar ; the head of the radius appears subluxated

;

the detached fragment may be clearly made out.

The movements of full extension and supination are limited and painful.

The removal of the separate fragment through an incision on the outer
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side of the joint between the biceps tendon and the supinator longus forms
the only satisfactory treatment.

2. Oblique fracture through the articular end separating the trochlear

surface is less common than separation of the capitellar surface, and less

likely to be troublesome.

The displacement is less, and the position of the fragment more easily

maintained.

As a further complication of this oblique fracture is longitudinal

splitting of the shaft of the humerus—the T or Y fracture.

These are more severe injuries, and not only involve the joint, but are

frequently compound.
The lower end of the humerus is widened transversely, and either

fragment can be moved apart from the other and from the shaft.

The same remarks apply as to treatment. Conservative measures should

be adopted if the vessel escape; a subsequent excision is better than a

primary amputation.

Fracture or Separation of the Fpicondyles :

—

I. Fracture of the internal epicondyle.

II. Fracture of the external epicondyle.

Of the fractures of the epicondyles separation of the internal epicondyle

is by far the more common.
In the adult it cannot be said that the line of fracture follows the bine

of the epiphysis ; whether the shaft is involved or not largely depends upon
the cause.

Up to the twenty-first year it is otherwise, and may be regarded as a

separation of the epicondylar epiphysis.

This injury is usually the result of a direct blow on the epicondyle

itself, but may be the result of traction, either through the sudden and
violent contraction of the muscles, flexors, and pronator (Granger), or

through the internal lateral ligament, the result of forcible abduction of the

forearm (Helferich).

Whatever the cause, the separated fragment is almost invariably drawn
downwards, and perhaps also slightly forwards and outwards.

If the ulnar nerve has escaped primary injury this situation of the

fragment lessens the chance of a future disturbance of its function. Cases

have been recorded, however, where the displaced fragment has had to be

subsequently removed on account of nerve pressure.

The unnatural mobility of the displaced fragment can be readily demon-
strated ; there is usually some extravasation of blood into the joint. Union
is always fibrous and in the position of displacement.

No means short of pegging or pinning the fragment have been suc-

cessful in keeping it in position, and though this is recommended as the

only certain line of treatment, there is rarely much permanent ankylosis or

limitation of movement if the joint is not kept too long fixed. Passive

motion should be practised early between the second and third week.
,

Fracture of the external epicondyle alone is very rare.

The same remarks apply to this fracture as to the other.

Fkactuees of the Eadius and Ulna in the Eegion
of the Elbow-Joint

Fracture of the Olecranon Process.—This fracture may result from direct

violence, forcible contraction of the triceps, or from hyper-extension. The
first of these causes is by far the most frequent.
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The process may be broken at its base or at its apex, though it is most
frequently fractured about its centre, where it is narrowest ; the usual

direction of the fracture is straight across.

Up to the age of seventeen the line of fracture may correspond to the

line of the epiphysis, practically the apex of the process.

The amount of separation of the fragments depends upon the extent of

laceration of the periosteal covering and the lateral triceps aponeurosis ; the

more these are torn the greater the separation.

The diagnosis of this injury is not difficult if seen sufficiently early.

The subsequent swelling is usually considerable, so that the gap between
the fragments may only be felt with difficulty.

By approximating the fragments in many cases the gap can be made to

disappear and crepitation obtained. Care must be taken not to confuse the
crepitation which is sometimes present in an inflamed bursa, or to hurriedly

conclude that no fracture exists from the apparent absence of crepitation.

The circumstances must be favourable to obtain bony union ; there must
be little or no separation of the fragments, which means little or no damage
to the periosteum or fibrous aponeurosis.

Union is almost invariably fibrous, sometimes one band, sometimes two
connecting the fragments.

The parts should be fixed by an anterior splint, with the elbow fully

extended, and the fragments approximated by strapping or by figure of 8
bandage.

There is little danger of ankylosis if massage be practised from the end
of the first week, and passive movement carefully performed whenever union
is apparent. (See " Medical Gymnastics.")

Bony union may be secured by wiring, but since firm fibrous union
gives a satisfactory result, it is questionable whether an operation is

justifiable, unless under the most favourable circumstances.

Fracture of the Coronoid Process.—This is uncommon as a separate
lesion. It is most often met with as an occasional accompaniment of
dislocation backwards of both bones of the forearm.

Only if the fracture is at the base of the process can the brachialis

anticus exert any action.

If the tip be alone separated one would presume the union to be fibrous

;

osseous union is possible at the base.

Treatment consists in fixing the limb in the flexed position.

Fracture of the Head of the Radius.—Fracture of the head of the radius
alone is rare.

The force necessary to fracture the head of the radius spends itself on
the neighbouring projections, the capitellum, the olecranon and coronoid
processes, so that fracture of one or other may accompany fracture of the
radial head.

The cause may be direct or indirect, the fracture complete or incomplete.
The diagnosis in the complete form rests on mobility of the detached
fragment, with crepitus. In the incomplete form the difficulty of diagnosis
lies in the fact that only a part of the head may be involved, and the
fragment immobile owing to the security gained by the unruptured annular
ligament.

As would be expected from the entirely intra-articular situation of the
fracture, there is immediate extravasation of blood and subsequent effusion
into the joint, with pain and crepitus on rotation, when the smooth radial
head will be replaced by an angular projection.

To secure union of the fragment fixation in the flexed position offers the
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best result from expectant treatment, but ankylosis is apt to occur, and
seems to justify an attempt to remove or pin in position the loose fragment,

premising that absolute asepsis can be attained.

The author has in his museum an exact half of the head of the radius

broken off by a fall on the elbow and removed by operation, with subsequent

perfect movement.
Fracture of the Neck of the Radius.—Fracture of the neck of the radius

as a separate injury is also rare. The diagnosis depends upon the elicitation

of crepitus and the fact that the head of the bone does not move on rotation

of the forearm.

The biceps, acting on the tubercle, draws forward the lower fragment

;

the orbicular ligament may keep the fragments in position.

A posterior or internal rectangular splint with a pad over the upper end
of the radius gives the best result.

Dislocations at the Elbow-Joint

A dislocation of both bones is more commonly met with than a dis-

location of either the radius or ulna alone.

Of the dislocations of both bones, that backwards is the most frequent.

Dislocation Backwards of both Bones.—Any cause likely to hyper-extend

the forearm when the arm is more or less fixed would tend to produce this

form of dislocation, e.g. a fall on the outstretched hand.

A violent twist of the forearm and a blow either on the upper and front

aspect of the forearm, or on the lower and hind aspect of the arm, have much
the same effect.

Both bones are carried backwards, with rupture of the anterior and
lateral ligaments, and drawn upwards by the triceps.

The orbicular ligament usually escapes injury and assists in keeping the

bones of the forearm in their normal relationship, so that though the coro-

noid process is opposite the olecranon fossa, it is prevented from entering it

by the radius, and thus the extent of upward dislocation varies.

The tendons of the biceps and brachialis anticus suffer.

The median and ulnar nerves may also be injured.

Some of the surrounding bony projections may be fractured, notably the

coronoid process, and occasionally the internal epicondyle and olecranon.

If seen before much swelling occur, the diagnosis is comparatively easy.

The forearm will be found fixed in a position of semiflexion, and shortened.

The olecranon will be found unduly prominent, increasingly so if flexion be

attempted, and quite above the epicondyles ; the head of the radius visible

and tangible ; the humerus is normal in length, altered in axis, and projects,

though deeply placed in front.

Reduction should be effected by hyper-extending the supinated forearm,

so as to lift the coronoid process free of the olecranon fossa, followed by
traction and gradual flexion, at the same time guiding the olecranon, and
steadying the lower humeral end with the disengaged hand.

It is better, at any rate safer, to fix the elbow with a splint for a fort-

night or so than simply to rely on the sling alone.

In old unreduced dislocations it is often impossible to effect reduction,

even with the aid of pulleys. If movement be much impaired, and the

resulting false joint ineffective, a free exposure of the opposing bone sur-

faces, by division of the various ligaments and bands of fibrous tissue, will,

with very few exceptions, allow of reposition of the bones, and give a better

result than resection.
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That this may be done satisfactorily, nine or even twelve months after

the injury, has been proved by the author in several recent cases.

Dislocation forwards of both Bones.—A subluxation forwards of both

bones is very rare. The comparatively large and curved olecranon process

prevents luxation forwards, and it is only when the olecranon is taken at

a disadvantage, as when the forearm is fully flexed, that luxation is possible

without fracture. The injury to the soft parts is considerable.

In effecting reduction, the arm should be fixed while traction sufficient

to bring the olecranon over the trochlea is made; the forearm is then

flexed.

Lateral Dislocation of loth Bones.—Of the lateral dislocations, that out-

wards is the more common, possibly on account of the slanting trochlear

surface of the humerus. Both are uncommon, and usually incomplete.

In the outward variety the internal lateral ligament is torn, or the

internal epicondyle separated.

The trochlear humeral surface can be readily felt and defined; the

capitellum is embraced by the sigmoid ; and the radial head lies quite

beyond the external condyle, where it also can be felt and seen projecting

just under the skin.

In the inward variety the reverse condition is met with. The external

lateral ligament is ruptured, or the external epicondyle separated. The
head of the radius rests on the trochlear humeral surface, while the sigmoid,

with its olecranon and coronoid processes, can be felt surrounding the

internal epicondyle.

There may be some backward or forward displacement of one or other

bone in addition.

Eeduction in either form is best done under an anaesthetic, and might
be expressed thus—hyper-extension, lateral pressure, traction, flexion.

Dislocation of the Radius or Ulna alone.—One or other bone may alone

be dislocated, or one bone may be dislocated forwards and the other

backwards.

Of the two the radius, from its position and shape, is the more usually

involved, and may be dislocated forwards, backwards, or outwards. Dis-

location forwards is the more common variety, and comes next in frequency

to dislocation of both bones backwards.

Dislocation forwards of the Radius.—The commonest cause of this dis-

location is a fall on the extended and pronated hand ; occasionally it is the

result of a blow on the upper part of the radius itself from behind.

The surrounding ligaments are torn ; the orbicular may escape in the

child, but suffers like the others in the adult.

The displaced head of the radius can be felt lying to the inner side of

the supinator longus and the extensor muscles, and to move when the

forearm is supinated or pronated.

Complete flexion of the forearm is impossible.

In reduction fix the humerus and employ traction with the forearm
flexed and supinated, extend, and with the thumb of the hand grasping the

humerus guide the head into its place.

If attempts at reduction are futile, perhaps from an intercepting piece

of torn capsule, the joint should be explored by a lateral incision and the

cause removed.

Note.—This dislocation is a not infrequent accompaniment of fracture

of the ulna in its upper third, and while the fracture is easily recognised,

the dislocation may be overlooked (Helferich).

Of the other dislocations of the radius little need be said ; both the
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backward and the outward forms are infrequent, and not difficult to

diagnose.

In young children, as pointed out by Jonathan Hutchinson, jun., and
others, a sudden and violent pull to the forearm, especially if supinated, is

apt to cause the radial head to slip the orbicular ligament. There is little

or no deformity at the elbow as a result, but the arm hangs helplessly by
the side, and is very painful to manipulate.

With flexion and full pronation the head will return to its place.

Dislocation of the Ulna alone (uncommon).—If the radius, from its

position and shape, is more frequently luxated forwards, the ulna, for similar

reasons, is more frequently luxated backwards.

This dislocation closely resembles on superficial examination a disloca-

tion backwards of both bones, but close examination reveals the normal

situation of the radial head.

The ulna is easily replaced.

Sprains

A sprain of the elbow-joint differs in no respect from a sprain of

any other joint, except it be the fact that if the wrench be at all severe

it is usually not a simple sprain but accompanied by separation of one or

other of the bony prominences.

The ligaments of the elbow-joint, with the exception of the anterior

and posterior, are very strong, and though some strands of fibres are torn, it

is exceptional to have their complete rupture.

The tendinous and aponeurotic attachment of the various muscles

around the joint are stretched, and in places torn, causing rupture of the

smaller blood-vessels and extravasation of blood.

Subsequent ecchymosis indicates the site, and, to a certain extent, the

severity of the sprain.

The synovial membrane shares in the damage done, with the result that

free haemorrhage may take place into the joint. The nerve-trunks may be

implicated from pressure.

The diagnosis of a simple sprain is arrived at by a process of exclusion.

The rapid swelling in and around the joint, due primarily to haemorrhage

and afterwards to effusion, makes it difficult at once to express a decided

opinion. The relationship of the bony prominences to one another, and
with the sound joint, the presence or absence of limitation of movement, of

extension and flexion, of pronation and supination, should be ascertained.

It is best, if in doubt, and especially in children, to give a guarded

opinion, as separation of the epiphysis may readily be mistaken for a simple

sprain, and the mistake only found out when growth is arrested.

Treatment in the early stage resolves itself into giving the joint com-
plete rest, and arresting the internal haemorrhage.

For both a splint is essential, and for the latter pressure if it can be

tolerated. The joint should be surrounded with cotton-wool and an elastic

webbing bandage applied.

Cold in the form of ice-bags and Leiter's tubes has been much vaunted,

but does not seem to be so comforting or efiicaceous as supposed.

If the effusion has apparently reached the limit, and be accompanied
with considerable tension and pain, fomentations, medicated or otherwise,

give great relief, as does also aspiration if it can be judiciously carried out.

When the effusion is beginning to subside, and organisation with absorption

commencing, it is then that much care should be exercised to prevent

adhesion and fibrous ankylosis resulting.
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Passive motion with massage and douching should at this stage be

daily practised, being guided by the presence of local reaction to its

continuance.

Should firm adhesion have already occurred, the joint can be moved
under an anaesthetic.

Eupture of muscular fibres, as in the case of " Tennis Arm," where the

pronator teres is partially torn, and even of the biceps tendon from forcible

flexion, have been noted, both being indicated by the usual signs of such

injuries.

Wounds

Wounds in the neighbourhood of the elbow-joint may, as in the case of

fractures, be divided into :

—

(a) Those which do not communicate with the joint ; and
(b) Those which directly or indirectly communicate with the joint

cavity.

Wounds which do not communicate with the joint resemble in their

classification and treatment wounds in general.

It is to the injury done to important structures, and the possibility of

direct septic infection, that attention should be paid.

One or other of the large nerves may be divided, or the brachial vessel

damaged. The chance of sepsis, of course, is more likely to arise if the

wound be a punctured one.

Where the nerve has been divided, and when the circumstances are

favourable, an attempt should at once be made to suture the divided ends.

Failure to recognise or to suture at the time a divided nerve would render
necessary a subsequent operation.

In a cleanly cut wound where the tissues have not been lacerated or

contused, and where, as far as can be ascertained, no infective material has
been introduced, the divided structures should all be brought together.

Attention should also be paid and care taken to prevent or limit con-

traction of the scar, especially in the case of burns or scalds. Cicatricial

tissue over the olecranon is very liable to break down, and a healthy flap or

graft should be substituted.

It is, however, when the wound communicates with the joint that special

precautions have to be taken, and a more guarded prognosis given. The
fact that a given wound does communicate with the joint is not always
easy to demonstrate. The wound of entrance may be a punctured one and
at some distance from the joint, the immediate swelling of which would
certainly be suggestive of its involvement, as would also the escape of synovial
fluid, though it is to be remembered that this may be bursal.

The particular danger lies in septic infection of the joint, resulting in

the possible necessity of amputation, though this is very seldom required
in the case of the elbow, or at best of ankylosis or of resection.

If the wound be a simple one and heal kindly, the function of the joint

is not disturbed. Aspiration should at once be made if there be evidence
of local heat or tenderness ; the presence of sero-pus would point to a free

opening of the joint and thorough irrigation.

The joint is best opened at the outer side of the olecranon, though more
than one opening may be necessary.

Where the damage done, however, is extensive, involving comminution
and splintering of the bones, the question of primary resection or of removal
of the damaged fragments should be considered.

Septic wounds involving the olecranon bursa are always serious, and
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call for free incision into and cleaning of that cavity lest a secondary
suppurative periostitis leads to involvement of the elbow-joint.

Gunshot Wounds.—Gunshot wounds involving the elbow-joint are com-
paratively rare in civil practice. Their prognosis and treatment depend
upon the extent of bone implicated and the amount of damage done to the

surrounding soft parts. As in other wounds of this joint, unless the parts

are irretrievably damaged, conservative measures should be tried.

Should the bones have escaped injury, a somewhat exceptional state of

affairs, measures should at once be taken to keep the parts aseptic. The
joint should be fixed at right angles with the forearm, midway between
supination and pronation, and an attempt made to secure subsequent
movement.

i If the bones have been injured, and possibly comminuted, any loose and
projecting fragment can be removed and the joint irrigated and fixed.

Where the articular surfaces are implicated, ankylosis is an unavoidable
result, and care should be taken to ensure that the best position is got,

which will probably be found to be a little less than a right angle.

It is perhaps better at this stage only to remove what is hopelessly

damaged than to perform a classical excision.

Should conservative measures fail and suppuration ensue, with death of

the injured fragments, a secondary operation can be performed.
Primary amputation is only required where destruction of the bones is

very extensive, and where the main vessel is torn across.

Contractions.—Destruction of the skin by injury, as in burning or

disease, induces contracture of the joint from cicatrisation.

Means must be used to counteract this tendency by early skin grafting,

preferably with large grafts or pedunculated skin flaps from the arm above

or below, or, as recommended by some, from the chest. In the minor
degrees of contracture continuous extension may be sufficient (Schede), but

in the more severe forms it will generally be found necessary to divide the

cicatrix transversely after forcible extension; and graft the exposed surface.

Myogenic contraction may cause stiffness so great as to necessitate

treatment. It may follow injury or disease, especially' syphilitic disease of

the biceps, or be the result of spasm (of biceps, Stromeyer) due to altered

nerve function.

Ankylosis.—Ankylosis of the elbow may result from tuberculous or

suppurative disease of the joint, and necessarily interferes much with the

usefulness of the limb. When the forearm is fixed at somewhat less than a

right angle the limb may be fairly useful, at least more so than when
straight, though in both cases the limb may be useful for particular pur-

poses. When straight the limb can only be used in some handicrafts.

Following tuberculous disease, and especially in young children, it is

well to wait until the arm is nearly fully developed before excising, as

considerable distortion of the limb may result from corresponding diminu-

tion of its usefulness.

Partial ankylosis may take place. In union at the radio-ulnar articu-

lation, with limitation of pronation and supination, either from fracture or

from disease, excision of the head of the radius, or merely dividing the

bond of union, may be sufficient, provided attention be paid to subsequent

movement.
Prolonged fixation after injury may lead to partial ankylosis from

shrinkage of the capsule or formation of fibrous adhesions.

The treatment consists in immediate and forcible stretching of the

resistant structures under an anaesthetic or, according to the degree of
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resistance, by gradual extension from weights or mechanical aids such as

may be obtained by an adjustable hinge-joint splint.

A plaster of Paris splint applied to the arm with metal hinges opposite

the joint, and the plaster cut away from before and behind the joint, is

useful, as by means of pieces of cork inserted between the edges of the

plaster, force may be gradually brought to bear so as to correct the contrac-

tion : elastic traction may be used instead of cork.

Other causes of limitation of movement in the elbow-joint are deformity

of bone in osteo-arthritis, and thickening of the bone in periostitis, leading

to filling up of the fossae or to expansion of the bony processes.

Cubitus Yakus and Valgus, the former being abnormal flexion and
pronation of the forearm, and the latter excessive supination and radial

flexion of the forearm, may be due to fractures or rachitis, or be in some
cases congenital. Osteotomy will rectify the deformity in some cases of the

acquired form ; as a rule no treatment is required in the congenital variety.

Inflammatory Diseases.—In the diagnosis of all affections of the

elbow-joint it will be found that inspection and palpation of the posterior

part of the joint by the sides of the olecranon are especially important,

since it is there that any abnormal fulness of the joint will be first noticed.

The head of the radius can be examined by palpation aided by move-
ments of pronation and supination.

Flexion and extension are early restricted in all diseases of the elbow-

joint, and, as a rule, the limb becomes fixed in a position of flexion and
semi-pronation, specially if there be effusion, since in that position the joint

has the greatest capacity.

Keflex contraction of the biceps aids the flexion particularly in acute

affections.

Simple Synovitis may result from injury or exposure, and is character-

ised by a sense of stiffness and pain, especially on movement.
The arm is held flexed and semi-pronated, while soon there appears

swelling on either side of the olecranon, due, as may be determined by
palpation, to the accumulation of fluid in the joint.

The treatment consists in securing absolute rest by an angular well-

padded splint applied to the inner aspect of the limb, relaxing the tension

of the part by the use of antiseptic fomentations, and a saline purge
preceded, if necessary, by a dose of calomel.

In asthenic cases leeches have been used with advantage.

Should the effusion become considerable, aspiration from one of the

prominent pouches by the side of the olecranon will give relief and may be
repeated. After the acute stage passes off, massage, elastic compression,

and passive movement may be continued till the stiffness has passed off.

Acute Septic or Suppueative Arthritis is characterised by the addi-

tion to the symptoms of simple synovitis of great oedema around the joint

and for a considerable distance from it, of the redness of the skin, rigors,

and of high fever, with the usual profound constitutional disturbance
attending marked septic intoxication.

In such cases the treatment must be active and immediate.
Free incisions on each side of the olecranon will enable the joint to be

irrigated with an antiseptic solution, while the limb is immobilised on an
angular splint at an angle somewhat less than 90°.

Since ankylosis in such a case is to be feared, it is well to have the arm
in that position in which it will be most useful when fixed. Drainage of

the joint will require to be continued till the acute process has subsided,

and, should this take place in a few days before disorganisation of the joint



236 ELBOW-JOINT, INJUKIES AND DISEASES OF

has occurred, it may be permissible to aim at securing movement by alter-

ing the position of the limb occasionally so as to stretch adhesions.

Early free movements of the joint are to be avoided as tending to keep
up the inflammatory mischief.

Only when such can be practised without causing much pain is good
likely to accrue, since only then has the inflammatory action subsided.

Massage and douching, with passive movement continued over a long

period, will in some cases give a movable joint, but in the great majority of

cases the suppuration is attended with such a disorganisation of the joint

that in healing ankylosis is a necessary result.

Scarlatinal and Eheumatic Artheitis differ in no respect from a

similar condition in other joints ; the local treatment is that of acute and
subacute synovitis, with special attention, however, to the constitutional

dyscrasia.

Gonorrheal Arthritis of the elbow presents the usual features of an
acute or subacute synovitis, and, as usual, is not amenable to treatment

until the urethral trouble is rectified.

Subacute Synovitis is less commonly met with in the elbow than in

some other joints, and presents the usual characteristics—the effusion, aching

pain, and thickening of the synovial membrane and capsule.

The treatment consists of rest with the use of blisters, or, if much
effusion exists, of aspiration, elastic bandaging, and massage.

In the more chronic forms it has lately been recommended to incise the

joint and dissect away as much of the thickened synovial membrane as

possible, after which the joint is to be washed out and the wound closed

without drainage if possible (Treves).

Chronic Inflammatory Diseases. Tuberculous Disease.— This

disease is by far the most common and important one of the elbow. Of all

cases of tuberculous joints it may be roughly estimated that about 7 per cent

are of the elbow-joint.

The disease may be met with at all ages, though it is usually met with

in early life between the ages of three years and puberty.

The disease is, however, not uncommon in old people, in whom it is

characterised by a tendency to progress unfavourably, and often rapidly so.

The mischief may be primarily synovial, but in the elbow is less commonly
so than in other joints. Statistics suggest that in about three-fourths of

the cases the tuberculous focus will be found in one or other of the bones

entering into the formation of the joint. The olecranon is a frequent seat

of primary mischief, next in order is the humerus, while last and much less

frequently affected is the head of the radius.

In early life, before the age of five, and in old age the disease is usually

primarily synovial.

The bone affection may be recognised by the formation of an enlarge-

ment and some tenderness at one part of the bone, and later, as the tubercle

approaches the surface, by the skin becoming cedematous, tuberculous, or it

may be by a localised abscess.

Early evacuation of such a tuberculous focus may prevent the joint

becoming involved.

When the general synovial membrane becomes affected an unmistakable

clinical picture is presented which is most marked in the young, and is i

characterised by the following signs and symptoms.
In the early stage there may be little complaint of pain, attention being

drawn by an increasing swelling and stiffness of the joint.

The swelling is most noticeable by the sides of the olecranon and varies
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within wide degrees. In children it is as a rule most marked, and
gradually masks all the bony prominences in a diffuse globular swelling.

This swelling, when occurring with great rapidity, is usually due to synovial

effusion, ultimately it is due to the pulpy thickening of the synovial

membrane. In acute cases the swelling is increased by oedema of the

superficial structures, by the formation of tuberculous foci outside the

capsule of the joint, and it may be by the formation of a chronic or sub-

acute abscess in or in the vicinity of the joint.

In those cases where the disease is primarily osteal there may be

corresponding enlargement of the bone with alteration in the configuration

of the joint.

Swelling is often not at all a marked feature in the old or even in

young adults, and may indeed be so slight even in old-standing cases as to

lead the surgeon astray as to the existence of tubercle in the affection; such
cases usually present marked features of bone involvement.

Pain.—In the early stages there may be little or no pain even on gentle

movement. Generally it may be elicited by palpation, and, in any case, is

complained of after the use of the limb for some time, and is of course

always a marked feature when early ulceration of cartilage takes place. As
a symptom of tuberculous disease of the elbow, pain is of uncertain value.

Stiffness.—As the disease progresses gradual flexion to an angle of 140°

or thereby takes place. Extension is early interfered with, though other

movements may persist for a considerable time. Ultimately the joint gets

more and more fixed, and if left alone osseous or fibrous ankylosis ensues,

generally at an angle of 140°-145°, and with the hand in extreme
pronation.

Wasting of Muscles.—This is especially marked in the upper arm, is

very constantly met with, and accentuates the swelling in the elbow.

If the case be allowed to run its course, abscesses or intra-articular

suppuration lead to the formation of sinuses usually most marked on the

outer side of the joint.

The constitutional manifestations are those of localised tubercle. (See
" Bones " and " Joints.")

The treatment of tuberculous disease of the elbow-joint differs not only

according to the age of the patient, the type of the disease, and its stage,

but according to the social position of the patient, and the possibility of

subsequent good hygiene and dietary.

In healthy subjects, when the disease is seen early, and especially in the

young, even although the disease may be severe, it may be arrested by
appropriate local remedies and constitutional treatment, and the joint be
left in a useful condition.

The local remedies applicable to the elbow are those used in joints

elsewhere. In the stage of effusion a 10 per cent sterilised iodoform

emulsion (glycerine or oil), repeated every fourteen days or so, will be found
most useful. The injection is best made by the side of the olecranon, and
the joint ought to be freely moved after the mixture is injected that it

may be diffused over the whole joint surface. Twenty to sixty grains of

iodoform may be injected at one time. The linib must be fixed in a suit-

able splint and gentle massage of the joint practised daily. Good results

have also been obtained by the hypersemic engorgement method of Bier.

Tuberculous abscesses must be treated as they form with the usual

antiseptic precautions.

These measures, with constitutional treatment, may result in the

recovery of the joint with its functions but little impaired.
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In the majority of cases, however, operation will be called for, and the

aim of this, as in operation for the other manifestations of tubercle, is to

remove as much of the disease as possible, and yet to leave a functionally

useful joint.

When the disease is primarily synovial, erasion of the joint rather than

excision is to be preferred, especially in the young, even in those cases where

deposits of tubercle exist in the bone, as these may be scooped out.

If asepsis has been secured, complete recovery may ensue with a useful

joint.

Should the disease have been primarily osseous, or have involved the

bones deeply by extension from the synovial membrane, then it is better to

perform the classical excision.

Whether erasion or excision be performed, it is absolutely essential that

as much of the disease as possible should be removed, the synovial mem-
brane entirely dissected away, implicated bursal extensions cleared out,

secondary nodules without the capsule searched for and evacuated, and foci

in the bone cleared out by the gouge or spoon.

Syphilitic Arthritis is not uncommon, especially in the case of

hereditary syphilis in children. The disease simulates closely tuberculous

arthritis, and it is extremely probable that much of the good accounted to

Scott's dressing (Ung. hydrarg.) in that affection is due to mistaken

diagnosis.

In the early forms of the disease there is well-marked serous effusion

into the joint, while later there appears localised thickening of the synovial

membrane from the formation of gummata, or a general thickening from

interstitial inflammation.

In doubtful cases the use of mercury and iodide of potassium will clear

up the diagnosis.

Chronic Eheumatism, Gout, Osteo-Arthritis, Charcot's Disease,

are all met with in the elbow. A detailed description of each will be

found under their respective headings ; the pathological and clinical

features are similar to those of a like affection of other joints, treatment l

in the case of the elbow differs in no respect.

Haemophilia.—Cases have been reported where in this disease hsenior-

rhage has suddenly taken place into the joint with swelling and pain. The

swelling gradually subsided, leaving the joint stiff and to some extent

disorganised.

Bursitis.—The following bursae are found in the region of the elbow-

joint :— (1) Over the olecranon
; (2) beneath the tendon of the triceps

muscle; (3) over the epicondyles; (4) upon the tuberosity of the radius

beneath the insertion of the biceps tendon
; (5) between the radius and ulna

below the articulation.

Acute inflammation usually follows a septic wound of the bursa, that

over the olecranon being most frequently affected.

Occasionally a hsematoma of the bursa may terminate in acute suppura-

tive inflammation ; in such cases the joint may be involved in the suppura-

tive process, especially in old and debilitated patients, by the bone becoming

affected either from a suppurative periostitis opening into the joint directly,

or by inducing necrosis of the olecranon.

In other cases diffuse cellulitis of the arm may follow owing to the

intimate communication of the bursa with the lymphatics.

Chronic bursitis may result from irritation due to occupation, and be

either characterised by serous effusion or with considerable thickening of

the bursal wall. More frequently the chronic form of the affection is due
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to syphilis, gout, or tubercle, in all of which the thickening of the bursal
wall is, as a rule, a marked feature.

Diagnosis.—Bursal affections are characterised by the occurrence of
well-defined swellings, usually fluctuant, in the site of one or other of the
bursse. The acute inflammatory forms soon, however, lose the circumscribed
character from the surrounding inflammatory transudation or acute
cellulitis, but the situation of the infected wound or the history may
indicate the true origin of the mischief.

The treatment of the different forms of bursitis varies with the cause.

In the suppurative form early and free incision, with frequent antiseptic
packing of the wound, will best avoid the risk of extension to the surround-
ing parts. The syphilitic and tuberculous forms are best treated by as
complete an excision of the sac as may be possible. In the deeper-seated
bursse the use of a Volkmann's spoon may enable the greater part of the
disease to be removed with the least disturbance of the surrounding parts.

Haemorrhage into the bursa may be treated by rest and elastic com-
pression, or should there be undue delay in absorption, by excision and
evacuation under careful antiseptic precautions. (See " Bursas," vol. ii.)

Blood-vessels.—Aneurysm may result from venesection, and was
formerly not uncommon. Due to wound of the brachial artery near the
bend of the elbow, the result is either an ordinary traumatic or arterio-

venous aneurysm, which gives rise to marked circulatory disturbance in the
forearm and hand. The treatment consists in proximal and distal ligation
of the artery with excision of the sac ; should operative interference be
inadvisable, by compression of the arm above the aneurysm or by forcible
flexion of the elbow. (See " Aneurysm," vol. i.)

Inflammation of the veins and lymphatics in this region only occurs as
the result of wounds or operations when antiseptic precautions have not
been taken.

Neuralgia of the Elbow may result from an inflammatory affection of
the parts, or be due to mischief farther up the limb ; thus, pain about the
elbow is occasionally complained of in diseases involving the armpit or
shoulder. Pain may also result from local nerve injury. Dislocation of
the ulnar nerve may take place from a blow or, apparently in some cases,

without any definite cause, in which case it has been supposed that the dis-

placement has been facilitated by a want of development of the internal
condyle.

The nerve slips over the condyle in flexion, and may also be readily
placed in front of the bone by manipulation. Considerable pain and reflex
loss of power may result, necessitating fixation of the nerve in its place by
stitching over it a flap of deep fascia, and in some cases deepening the
groove in the posterior surface of the bone.

In the majority of the neuralgic affections of the elbow some definite
cause of irritation may be found, but in some neurotic individuals of debili-
tated constitution shooting pains of a true neuralgic character may occur
without a known cause. In such cases it is well to encourage free use of
the joints, while a tonic course of general treatment and the local applica-
tion of liniment of iodine, blisters, or even of Corrigan's button, will often
give relief.

New Growths about the elbow present no special features of con-
sequence. Osteal and periosteal tumours are most frequent in early life.

Sarcomata, chondromata, and osteomata may occur in the bones of the
elbow-joint, and require excision or amputation according to the nature and
extent of the tumour.



240 ELBOW-JOINT, INJUKIES AND DISEASES OF

Loose Bodies are met with less frequently in the elbow than in some
of the other joints. When present they give rise to pain and limitation of

movement, and may usually be readily recognised by palpation. They cause

crepitus on movement. Treatment consists in their removal under antiseptic

precautions.

Excision of the Elbow-Joint

This operation may be required for disease or injury. Of the former,

tuberculous disease forms the greatest proportion ; and of the latter, gunshot
wounds and unreduced dislocation. It may be necessary also to excise the

joint for ankylosis if union be in a faulty position.

1. Excision of the Joint.—The line of incision is better longitudinal

than transverse, as a transverse incision needlessly damages the triceps

aponeurosis and gives no better exposure of the joint. The posterior

median incision is preferred by most; the lateral incisions of Oilier and !

Hueter are complicated and seem to have no special advantage.

Some lay considerable emphasis on the preservation of part of the

attachment of the anconeus, separating it from the ulna no farther than i

a point just below the base of the olecranon. It is said to undergo
development subsequently and to assist greatly in the extension of the

forearm.

Injury to and division of the ulnar nerve is regarded as the chief

danger of this operation. The nerve should not be seen.

It lies between the olecranon and the internal condyle, and is retracted

with the other structures. There is no danger if the operator keeps close

to the bone in separating the tissues from the internal epicondyle and from

the posterior ridge of the ulna.

The posterior interosseous nerve has been injured in clearing the head

of the radius.

If excision be performed in the child the epiphyseal line should be i

preserved in the removal of the articular humeral end.

Excision through a 'posterior Median Incision. (Park and Maisonneuve.)

—In regard to the position of the surgeon and his assistant the same rules

hold good as in operations in general.

The forearm of the affected limb is best carried across the chest.

Though some deprecate the use of the tourniquet, its application has a n

decided and immediate advantage in securing a better view of the parts.

The incision has for its centre the prominent olecranon, extends I

upwards over the olecranon fossa of the humerus, and downwards along the t

posterior ridge of the ulna, in extent generally about four inches, and median i

in position. The incision is carried down to the bone, dividing the triceps

aponeurosis and the posterior ligament of the joint.

By a suitable retractor the divided skin and triceps aponeurosis on the

inner side are held aside, while the inner surface of the olecranon process

and the internal epicondyle are laid bare.

The knife should be kept close to the bone and the periosteum i

separated as far as possible. If this be faithfully followed the ulnar nerve

is drawn inwards with the separated internal lateral ligament and the

flexor group of muscles.

The retractor is now transferred to the outer side, and the tissues

separated from the olecranon on its outer aspect and from the external

epicondyle. Part of the anconeus should be preserved as already in-

dicated.
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By flexing the forearm the lower end of the humerus can now be thrust

through the wound and its anterior surface cleared. It is then seized with

lion forceps and divided at right angles to its long axis. This is attained

by holding the humerus in the vertical position. The line of division is

just below the epicondyles.

The soft parts should be protected.

The upper end of the ulna and radius are now rendered prominent and
made to project through the wound. The attachment of the anterior liga-

ment is detached, the olecranon seized with lion forceps, and the saw so

applied as to remove a part of the head of the radius and the olecranon at

its base at one division.

The remaining cavity is now irrigated, the tourniquet removed, and the

bleeding points secured.

The edges of the triceps should be sutured and a drain used.

In fixing the limb after an excision the forearm should be in a position

midway between supination and pronation, and the fingers left free. As to

the fixation angle there is some difference of opinion ; some suggest an open
angle, some a right angle, some less than a right angle. All claim a good
result.

Passive motion should be commenced when the wound is healed.

Of the other methods of excision a few words will suffice.

A strictly subperiosteal method is described by Farabeuf. The same
incision is employed as that just mentioned, and practically the only

difference is an attempt to make the operation more decidedly sub-

periosteal. Then there is the H -shaped incision of Moreau, consisting of

two vertical and a transverse incision, the latter completely dividing the

triceps. Some omit the outer vertical limb of the H (Liston), others the

inner (Eoux).

Instead of a median vertical incision it was recommended by Chas-
saignac to make the incision along the outer side of the olecranon, and by
Langenbeck along the inner side.

The exposure of the joint by lateral incisions is regarded by some as

more suitable in cases of ankylosis. In Ollier's method the lateral

incisions are of unequal length. That on the outer side commences about

2 to 21 inches above the external epicondyle, between the triceps and
supinator longus, is continued down to the epicondyle, and then obliquely

across the olecranon to its inner border, down which it is continued for \\
to 2 inches. This is the bayonet-incision.

That on the inner side is only about an inch in length, and is made over

the internal epicondyle. The bones are denuded of their periosteal, liga-

mentous, and muscular coverings through these openings, and the operation

concluded as in the other method.
In Hueter's modification the lateral incisions are also of unequal

length. The inner incision, like Ollier's, is only about an inch in length,

and is over the internal epicondyle, but more in its anterior aspect.

Through this incision the internal lateral ligament and flexor group are

separated. The external incision, 4 inches in length, has for its centre the

external epicondyle, is situated more posterior than anterior, and is practi-

cally vertical. Through this incision the head of the radius is exposed and
the orbicular ligament divided. This enables the head of the radius to be

removed. Through both incisions the lower end of the humerus is deprived
of its ligamentous connection and periosteal lining, and is removed. The
olecranon is divided at its base.

According to Mideledorf the results after excision, as indicated by

vol. in 16
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collected statistics, are seventy-five good joints, twelve and a half stiff, and
twelve and a half flail, in one hundred cases.

Ekasion of the Joint.—In tuberculous disease of the elbow-joint in

children it is often possible, and whenever possible better, simply to excise

the diseased tissue than to perform a classical excision.

The joint is approached by a posterior median incision, or by a

transverse incision, and the steps of the operation are similar to those of

excision, stopping short at removal of the articular bony ends. The
implicated synovial membrane is better cut away than seraped away.

The operation may also be done by two lateral incisions (Watson
Cheyne) which are carried down to the capsule of the joint on each side,

avoiding the ulnar nerve on the inner and the posterior interosseous nerve

at the lower part of the outer incision.

The muscles are to be detached from the condyles, the lateral liga-

ments divided, and the capsule, freed from its surroundings, cut from its

attachments to the bones.

The ends of the bones can now be protruded, examined for any focus of

disease, and replaced ; the wound then sutured, drained if necessary, and
i

dressed.

Passive movement should be begun when the wounds have healed, as it

has been noted that good results as regards movement have been obtained

without early movement being practised.

The results of erasion as compared with excision are more satisfactory

in respect to subsequent shortening. After erasion there is little or no
shortening, and the development of the limb is very slightly if at all

impaired.

The same cannot be said after excision when there is necessarily always

some shortening varying from two to four inches, with a corresponding

want of development in the whole limb. Ankylosis is more frequent after

erasion than after excision.

Reaction of Degeneration

Treatment

Use in Gynaecology

Sinusoidal Current

The Electkic Bath
Dangers of High Tension Cur-

rents 255

See also Electrolysis.

The value of electricity as an adjunct to the practice of medicine is:

variously estimated according as it is used for diagnosis and prognosis on

the one hand, or for treatment on the other. Most physicians will easily

allow the immense aid it may give in the accurate diagnosis and prognosisi

of certain nervous diseases, while it is comparatively few who are at all en-;

thusiastic as to its beneficial effects in treatment. The fault lies partly in

the method of its administration, which is too often placed in incompetent!

or careless hands, and in no attempt being made to accurately measure the.

dosage, as would be considered a sine qua non were any drug being used.

Weak batteries and currents of homoeopathic strength are often used, and

when no good result accrues " electricity " is said afterwards to have been

tried and found wanting. It is, then, of the utmost importance that the
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greatest care should be exercised in its administration, if an opinion is to be

expressed as to its value in any particular case. The battery, if not in

constant use, should be carefully tested first, and a current measurer always

used when possible. Now that the constant current is being largely used

for electric lighting in houses, the chief source of error due to failure of the

battery will be eliminated by its use for medical treatment. The chief use

of electricity in diagnosis and in prognosis depends on the fact that when

muscles are separated from their trophic centre by a lesion of the motor-

cell or nerve-fibre, a peculiar chemical change takes place in the muscle

substance owing to which its reactions to the faradic and galvanic currents

become altered, and the so-called " reaction of degeneration " is found, which

varies in degree according to the severity and acuteness of the lesion. By
familiarity with the varying phases of this reaction or degeneration, a

surprisingly accurate prognosis may often be given as to the recovery or

hopeless paralysis in a given case. By its means we are able to distinguish

lesions of nerves from divided tendons in cases of wounds of the limbs,

functional paralysis from cases of nerve injury or poliomyelitis, and to give

a fairly accurate forecast as to when recovery, if any, is to be expected.

Since it is only when the lower motor segment, nerve-cell, or fibre is injured

or diseased that there is any alteration in the electrical reactions, no help is

afforded by this means in distinguishing a functional hemiplegia from that

caused by an organic brain lesion, or an hysterical palsy of the legs from the

spastic paraplegia due to a transverse myelitis or other organic cord lesion.

For treatment, neuralgias, such as sciatica and lumbago, may often be

relieved at once by the constant current, and the most obstinate sciaticas

are almost invariably improved by persisting in the treatment, even when
accompanied by muscular wasting. Choice of the best form of current for

treatment of a given case usually lies between faradism and galvanism,

and a usually accepted rule for the treatment of muscles is to use the

current to which they react best. For cutaneous effects faradism is the

more useful. Putting the difference between the two currents in another

way, we may say that galvanism is indicated when quantity of current is

required to produce chemical effects, as in electrolysis, or in the direct

stimulation of wasting muscle, whereas faradism has more effect in nerve

stimulation and in overcoming the resistance of the skin, owing to its much
higher voltage than medical galvanic currents.

The forms of electricity in use may be divided into five classes :

—

(1) Static or frictional electricity.

(2) High frequency currents, or the oscillatory discharge.

(3) Magneto-electricity, or the interrupted current of an induction coil.

(4) Alternating and sinusoidal currents.

(5) Galvanism, the continuous battery or voltaic current.

Each of these forms of electrical energy are used in medicine in appro-

priate cases.

Static electricity, often known as franklinisation. This is obtained from

the "influence" machine of Wimshurst. Eeally efficient machines must
have large plates, 24 to 30 inches in diameter, and not less than four pairs,

more plates giving a proportionately larger amplitude of current, with

thicker sparks, while the length of spark depends on the diameter of the

plate. These machines may also be used to excite a Crookes tube for

X-ray work, or, with Leyden jars and properly insulated induction coils, to

produce high frequency currents. In treatment, the length of sparks used
is regulated by the distance between the discharging knobs, and sparks

may be applied to the bare skin, or the electrode rubbed over woollen or
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flannel clothing. Such treatment is often of great service in dissipating

functional symptoms, pains, -and hemianesthesia. No exact physiological

data have yet been brought forward to prove its alleged effect on metabolism,

an effect scarcely to be expected from the fractional ampereage of the

current. With Leyden jars the shocks become more severe, and a modified

form of treatment is Morton's "static induced current," in which the

electrodes applied to the patient are connected to the outer coatings of

both condensers, by which means the muscles are thrown into tetanus as by
faradism.

High frequency currents may be obtained either from a large induction

coil, a Wimshurst-Holtz machine with condensers and coils, or by utilising

the alternating current of the street mains. The current produced is of

extreme tenuity, but of enormously high potential. The sparks are painful,
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but if the electrode be grasped in the hand nothing can be felt, though an

incandescent lamp will glow if placed in circuit between two persons con-

nected to the terminals. This current, at a pressure of several hundred

thousand volts, and oscillating a million or more times a second, if applied

to the body by means of electrodes, produces only slight numbness and

anaesthesia.

Magneto-Electricity or Faradism.—This current is produced by indue-

1

tion in a long coiled copper wire by suddenly magnetising a soft iron core.

Outside this primary coil is a second coil of more numerous turns of fine

wire. A usual proportion will be 700 turns of moderately thick wire for i

the primary coil, and 5000 turns of fine wire in a secondary coil. Two
different currents are thus produced, the primary and the secondary. The

primary or extra current of the coarse coil is the current that causes most

of the sparking of the automatic interruptor. When the soft iron core is

pulled out of the primary coil this sparking is much diminished, although

the actual battery current is now slightly greater, owing to its having less

work to perform in opposing the induced current at make. The secondary
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current may be regulated in strength either by sliding the secondary coil

nearer or farther away from the primary, or by partially withdrawing the

soft iron core, or by both means. The primary current is regulated only

by pulling out the soft iron core, and the position of the secondary coil does

not affect it. The cheaper forms of coil use the soft iron core as the magnet
for breaking the battery current, in which case the primary current cannot

be varied, but the better class of coils have a separate magnet for the auto-

matic interrupter, which should be a rigid bar working against the tension

of a coiled spring to ensure greater smoothness of vibration. Newer types

of machine have a separate cell for working the interrupter, in which case

the rate of interruption is not affected by the strength of the coil current.

The rate of vibration usually varies from 30 to 50 per second, though
various devices are used for slowing or increasing the periodicity. Within
certain limits the rate of vibration can be controlled by the contact screw

of the interrupter. Engelmann's machine, made by "Waite and Bartlett of

New York, is fitted with a motor interrupter, and the rate of vibrations can

be controlled at will from 1 to 800 or 1000 per second, or even more.

Wehnelt's electrolytic cell may be used for producing high speeds of inter-

ruption, as in X-ray work, but a high voltage is necessary to work it, 24
volts or more. The faradic current is, strictly speaking, an alternating

current, but since the make shock is much weaker than that at break, it may be

considered as practically unidirectional, and we may speak of a kathode and
anode. The kathode is easily found, as it is the pole which elicits the

stronger muscular contraction ; this is true even in wasting muscle, so long

as the muscle responds at all to faradism. There is no electrolytic action

in this current.

The faradic current is used for diagnosis as the secondary current, and
principally for estimating the irritability of nerves and muscles. It is,

however, sometimes used for the diagnosis of nerve pain, as to whether
neuralgic or due to neighbouring inflammation, as in Apostolus method, by
introducing one pole into the vagina or uterus in cases of pelvic pain.

Neuralgic ovarian pain may often be cured by such an application of the

fine coil current, while pain resulting from inflammation is unaltered. In
diagnosis by faradism the unipolar method is most convenient, though
sometimes the localised extra condensation of current produced by using

the bipolar method, both small electrodes, in close proximity over the nerve
or motor point, will elicit a contraction unobtainable by the former method.
With the unipolar method the indifferent electrode is large, and placed

over the spine or sternum. The active electrode should be smaH and
circular, and fixed on a handle supplied with a spring make and break con-

nection for the finger. The cords connecting the electrodes with the bind-

ing posts are best made of twisted fine copper wire covered with silk, ending
in stout metal plugs to fit into the screw holes on the battery and electrode.

They should be from four to six feet long, and a useful addition is to have
the last eighteen inches next the electrode covered with good rubber tubing
fitting closely, to prevent the silk getting wet. Cotton-covered wires are

objectionable because, even when dry, they allow leakage of current, which
is unpleasant both for operator and patient.

The faradic current may be used in diagnosis either as single interrupted

shocks, which are produced by a special lever attached to the battery, or by
working the vibrating hammer slowly by hand, or else as the rapidly inter-

rupted current. In the former case a single brisk twitch results, and the

secondary coil must be shifted nearer to the primary than if rapid inter-

ruptions are used. The faradic current stimulates the muscle only through



246 ELECTEICITY

the nerves or nerve-endings, and thus for each muscle there is a certain

point, the motor point, where the electrode obtains the maximum contrac-

tion, the nearest point to the entry of the nerve into the muscle. These

motor points are shown in the accompanying illustrations. When
the nerve to a muscle is injured or diseased, the irritability to faradism

gradually diminishes and disappears. It is therefore useful in distinguish-

ing a supranuclear from an infranuclear lesion, for if the nerve cell and

fibre supplying the muscle are intact, the muscle will respond briskly to

faradism, unless there be great wasting from idiopathic muscular atrophy,
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or following hemiplegia. In these exceptions the muscle gives a weaker i

and more sluggish contraction both to faradism and galvanism, while in

acute myositis the faradic reactions remain intact, unless wasting follows.

Therefore in lesions of the upper neuron, such as hemiplegia, spastic para-

plegia, Friedreich's disease, and all functional paralyses, the faradic reactions!

are unaltered, and the muscles do not waste, or only slightly. On the other'

hand, in infantile paralysis, diffuse cervical or lumbar myelitis, peripheral

neuritis, and nerve injuries, the faradic reactions will be lost on account of i

the trophic cell centre of the muscle being separated from it or destroyed, i

Curarised muscle will, it is true, react to faradism, though badly, but there

is not then the profound metabolic change produced when the axis-cylinders

are destroyed. In all cases in which muscle-testing is being performed, it

is of the greatest importance to see that the electrodes are thoroughly wet,
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the skin well moistened, and also that the indifferent electrode is in good

apposition to the skin. A practical point which should always be observed,

unless the physician thoroughly knows his battery, is to test the current

personally upon the hand before applying it to the patient, so as to avoid

giving unnecessarily severe shocks, and also to prove that the battery is in

working order.

Treatment by Faradism.—Certain distinctions are drawn between the

action of the currents from the coarse and fine coils respectively, and at
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slow or rapid interruptions. The two currents differ in their electromotive

force and in volume of current, that of the primary or short coarse coil

having lower voltage and greater volume, that of the secondary or long fine coil

having high voltage and less actual ampereage. The current from the long

fine coil will then be specially adapted for high resistances, when localised

sensory effects are desired, as in treatment of the dry skin with the wire

brush. The primary coil will be more useful for low resistances and diffuse

muscular effects, as in treatment of constipation, with one pole m the

rectum, and a large moist abdominal electrode. With wet electrodes and

well-moistened skin the fine coil current has powerful effects on muscle, and

the physiological effects, both muscular and sensory, increase with the
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rapidity of interruption up to 50 or 60 per sec., which is about the maximum
of interruption obtained with an ordinary well-constructed instrument.

Hence, in practice, the primary coil is rarely used by most practitioners, both

muscular and sensory effects being obtained from the long fine coil.

The best machines have the outer movable coil made of three different

thicknesses of wire, which can be tapped at various lengths, or the whole

used if necessary. Generally speaking, fine coil currents, with rapid inter-

ruptions, are indicated for the treatment of anaesthesia and neuralgic pain,

while coarse coil currents are better for producing muscular effects with

low resistance, as by internal application. The most useful speed of inter-

ruption is 40 or 50 per sec. With slower speeds and well-moistened skin

there is less pain produced and good muscular contractions, tetanus

becoming resolved into single contractions if slower than 10 or 12 per sec.

With high speeds of interruption, 300 per sec. and upwards, the current is not

felt, and no muscular effects are produced, slight numbing of the skin only.

Faradism is useful in the later recovering stage of muscular wasting,

and in organic nervous diseases is often of use in improving anaesthesia, and

also in keeping up the nutrition of skin and muscles, reddening of the skin

always following its application. It is doubtful whether the current has

any curative effects upon the nerves or cord.

In neurasthenia and hysterical paralyses and anaesthesias, faradism is of

great service, and may be applied locally or generally by the bath treat-

ment. The faradic douche may be applied to the spine and limbs by com-

bining faradism with douche treatment, one electrode being applied to the

patient's chest, and the wire of the other fastened to the metal douche or

syringe. Severer treatment is used in hysteria by means of the wire brush

for one electrode, which is applied to the dry skin, and dabbed, not stroked,

upon it. This is exceedingly painful, and is sometimes used in arousing

patients found comatose from drink or morphia. In dangerous chloroform

narcosis it is also used as a stimulant, and the phrenic nerves may be

stimulated, though this is of doubtful benefit. If the wire brush be used

for any length of time it may cause an irritable pjmply rash to appear, and

sometimes even bleeding points.

In the treatment of neuralgic pain faradism is often of great service,

either alone or combined with galvanism. Severe neuralgic headache may
often be greatly relieved by faradism applied to the forehead and back of

the neck for ten minutes at a time. It is very soothing, and may induce

sleep. Combined with galvanism it is also of use in treating sciatica, when

galvanism alone fails to give marked relief.

Galvanism.—The facilities afforded by the use of the constant current

for electric lighting are being now extensively used for the application of

galvanism in medical practice. The street currents are of varying pressures,

from 100 volts to 250 volts in different districts, the Board of Trade maximum
for low pressure currents having been recently raised to 500 volts. The main

current may be used to charge accumulators when a portable battery is

needed, or for hospital or consulting room use it may be led direct on to a

switch-board, such as that devised by Milne Murray, where it can be used

to drive an induction coil, for cautery, or for application as galvanism.
_
Tor

this latter purpose especially it is necessary to reduce the voltage, which is

first done by placing an eight-candle lamp in the circuit as a safety resist-

ance. It is then further reduced by passing the current through a

graduated rheostat, usually made of graphite. It is found, however, in

practice that patients treated thus in series with the dynamo complain of a

burning sensation, even when the galvanometer is showing less current than
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they could easily bear from a Leclanche battery. This is probably due to

rapidly varying voltage, and can be obviated by arranging the rheostat so

that the patient is not in series with the dynamo, but on a shunt. In
Milne Murray's apparatus the rheostat is made of a long coil of platinoid

wire, containing no platinum, but having a high resistance. By means of a

shding contact an increasing length of this wire is thrown into the alter-

native circuit to the patient, thus increasing the amount of current passing

through the latter. This is of course more wasteful of current, but the cost

is really negligible. Main currents are much cheaper than battery

currents, much more constant as a rule, and there are no parts to replace

or get out of order. There are

a few dangers to note in the

use of strong currents from a

dynamo; sudden breaks of

current at the generating

station are not infrequent, but

usually take place at certain

times, as when a fresh battery

of accumulators is switched on,

or the wire of the rheostat

might break between the zero

point and the sliding spring

of the shunt circuit, though
this is very unlikely. Any
sudden break of the current due
to either of these causes would
give an uncomfortable shock
with a current of 20 m.a., while

with the heavy current, such as

is used by Apostoli for the

electrolysis of fibroids, the con-

sequences might be serious.

Next to using the* main
current or an accumulator, the best generator for medical purposes
is a battery of Leclanche' cells, of which from forty to sixty cells in

series will yield sufficient voltage for all purposes. For a stationary

battery these should be of three-pint size, and may be stored in a cup-
board or cellar. The smaller the cell the less the efficiency, but for a

portable battery small cells are a necessity. Dry cells of the Hellesen-

Obach type are then the most useful, as a sufficient number of small wet
cells makes too great a weight. They require no attention, and can be
placed in any position, but they wear out in about two years, and must be
replaced by new ones. In working with batteries it is of the greatest im-
portance to keep all metal contacts clean, and screws tightly fixed, and care

must be taken to avoid any short circuiting. Sometimes if a battery of

wet cells is neglected, one or two cells may become short circuited, as by
the zinc rod resting against the carbon. This will soon increase enormously
the internal resistance of the cell, and diminish the strength of the battery.

Such a cell may be recognised by a brown discoloration appearing at the

surface of the liquid, which soon becomes precipitated on the surface of the
glass jar. Usually the zincs require scraping, and the liquid in the cell to

be filled up every six or twelve months. A galvanic battery, to be efficient

for diagnosis and treatment, requires, in addition to a current collector, a

reliable galvanometer and a pole commutator or current reverser. The

Fig. 4.
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best galvanometer for a stationary battery is Edelmann's large horizontal

one, costing £10, while for a portable battery Schulmeister's floating

galvanometer is the best, costing from £2 : 10s. to £3. All galvanometers
for medical work are graduated in milliamperes, and should be provided
with a screw shunt to shut off T

9oths of the current from the instrument,

thus increasing tenfold its working limit. The current reverser is neces-

sary for diagnosis, while for treatment it is useful to have in addition an
automatic current interruptor or reverser, breaking or reversing the current

once or twice a second. This can be arranged either by clockwork, or by a
separate electro - magnet and spring hammer. Most good batteries are

combined to give faradism or galvanism, or both together, from the same
pair of binding screws. This is effected by means of De Watteville's

switch. Such a battery with galvanometer and accessories is priced in

Schall's list at from about £12 to £18, according to the number of cells. A
simple galvanic battery of twenty-four to thirty-two cells for treatment

merely costs from three to four guineas. Small faradic batteries are much
cheaper, and can be obtained for 10s. and upwards.

A good battery should also have available to place in circuit a metal

rheostat graduated to at least 1000 ohms, by the use of which, and a double

current collector, not only can the voltage of the battery be tested from
time to time, but the E.M.F. of each cell can be ascertained, and a faulty

cell thus located.

A practical point to remember in treating with galvanism, as with

faradism, is to keep the electrodes well soaked and the skin thoroughly

moistened, for the amount of current depends as much on the resistance of

the circuit as on the voltage, or number of cells used. The skin offers by
far the larger part of the total resistance, and to make sure of good contact,

it is a good plan to place, if convenient, one limb with the indifferent

electrode in water.

The galvanic current, though perceptible to the sensory nerves during

the whole period of its flow, yet, unlike the faradic, stimulates the muscles

to contract only at the closure of the circuit, so long as the strength of the

current does not vary suddenly during its application. This is true so long

as moderate currents only are used, but with powerful currents tetanus may
be produced. In normal muscle a quick twitch is produced at make,
owing to the stimulation of the nerve-endings, and, like the faradic, may be

used to stimulate the nerve at a distance from the muscle, or the nerve-

endings in the muscle by direct application to the skin over the motor
point. No contraction is produced at break except with currents too

powerful to be borne. The motor point then holds good for both faradism

and galvanism in normal muscle, but when the nerve-endings are destroyed,

though the faradic current is inert, yet galvanism is still able to cause the

muscle to contract when applied directly over the part, though the contrac-

tion is no longer a brisk twitch, but sluggish and prolonged. This is the

essential feature of the so-called Reaction of Degeneration, or E.D. This

change is more marked the acuter the nerve lesion, and affects the irrita-

bility of both nerve and muscle. In a typical case there is in the nerve a

transient wave of hyperexcitability to both currents below the lesion,

followed by a gradual diminution to both currents without polar change,

until, in a severe case, there is complete loss of reaction in the nerve at the

end of a week to ten days. In the muscles the faradic reactions also steadily

diminish to complete loss after the first week, while the galvanic irrita-

bility, at first slightly diminished, soon rises during the second or third

week above the normal, though the contraction is sluggish, with usually a
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marked polar change, ACC > KCC. In the early stage there may be a

quick twitch with KCC and a sluggish contraction with ACC. The opening

contractions also become more easily obtainable, and tetanic contractions

are seen at make with the kathode and even with the anode. This condi-

tion may last several weeks to two months. If the nerve does not recover

the faradic reactions never reappear, while the galvanic irritability also

diminishes, in spite of treatment, and eventually no contractions will take

place to either current. This takes many months or even years to happen,

and during the later stages

the kathodal contractions

usually reassert theirsuprem-

acy, or KCC may = ACC.
Erb has described a partial

form of E.D. which is met
with in less severe nerve

lesions, and is therefore of

better prognosis. It consists

of slightly lowered irrita-

bility of the nerve to faradism

and galvanism, with di-

minished muscular irrita-

bility to faradism and hyper-

excitability to galvanism,

with the polar change

ACC > KCC. This may be

apparent without any loss
h. Miens

of voluntary power, and is

often to be met with in cases

of nerve injury in muscles h. flexor hauucuiongua

in the neighbourhood of

those paralysed, e.g. the

deltoids may show partial

E.D. in cases of wrist-drop

from lead neuritis, without

any obvious weakness at the

shoulders. Sometimes, too,

as in facial palsy following shortly after mastoid operations, the

voluntary power may be completely lost for a short time, yet the only

change is diminished irritability to both currents in nerve and muscles, with

no galvanic hyperexcitability or polar change. Such electrical change is of

better prognosis than when full E.D. is present, and some return of volun-

tary power is usually to be seen towards the end of the second week.

Lastly, in recovery from severe paralysis, such as peripheral neuritis or

injury, considerable voluntary power may return before any faradic irrita-

bility, and full voluntary power may be re-established with diminished

faradic and galvanic excitability remaining for several months.

In practical muscle-testing it is important to place the indifferent elec-

trode at a distance, as on the spine or another limb. The first few contrac-

tions obtained should be neglected, since the muscles often require some

stimulation before giving their best contractions. The strength of contrac-

tion on the two sides should be compared, and in testing or treating the

small thumb muscles it is necessary to use twice the number of cells

required to send the same current through the muscles of the forearm,

owing to the thickness and great resistance of the skin of the palm.

H. gastrocneni. (cap. Ict>)

M. flexor digitor. coma.
longus

Fig. 5.



252 ELECTEICITY

Treatment by galvanism is indicated in cases of muscular wasting from

nerve injury, peripheral neuritis, or spinal disease, in which the faradic

reactions are diminished or lost. The electrodes should be well covered

with flannel or chamois leather, as electrolysis is set up in the skin with

metal contacts. The kathode or negative pole is the more painful, especially

if allowed to get at all dry. This pole is usually selected for treatment, but

either pole may be used according to the strength of contractions each pro-

duces. The moistened electrode should be stroked over the skin of the

affected part, or, if two limbs require treatment, each may be placed with

one electrode in a separate pan of warm water, and the current reversed

once or twice a second ; rapidly-interrupted galvanism produces no contrac-

tions when E.D. is established. This is very conveniently done by an

automatic current reverser attached to the battery, and the method is

especially suitable for young children with infantile paralysis, as, placed

with their backs to the operator and the battery, they are much less

frightened, the current being turned on cell by cell, with intermittent re-

versals. The strength of current required will vary from 5 to 15 milli-

amperes, and even quite young children will bear reversals of 10 milli-

amperes if given by this method. In testing children satisfactory results

are often difficult to get without using an anaesthetic. On the face much
weaker currents must be used than on the limbs ; 3 m.a. is usually all that

can be borne at first, which may be increased to 5 later. On account of the

sensitiveness of the skin of the face the anode may be used, as it causes less

pain. Galvanism to the face and head are also objectionable on account of

the flashes of light in the eyes and the unpleasant metallic taste produced

in the mouth. The use of the anode is, however, useful in trigeminal

neuralgia with painful, tender spots. Care should be taken in treating the

face or head not to reverse or suddenly interrupt the current when currents of

more than 10 m.a. are being used, as the sudden shock might be dangerous.

In treating sciatica the patient should sit on one moist pad, usually the

anode, and the other electrode is best put in a pan of warm water, in which

the foot is placed. The current is then gradually turned on to give at least

20 milliamperes for ten or fifteen minutes. Some patients can bear 30 to

40 milliamperes, or even more. The current must be gradually reduced

at the end of the sitting to avoid a shock, and the patient should lift the foot

out of the water slowly, leaving the heel last. The choice of pole makes
little difference, but the anode should be placed on the more sensitive skin.

Owing to the diffusion of current in all directions there is no special virtue

in so-called ascending or descending currents. Sciatica is almost invariably

relieved for some hours by this treatment, and cure is fairly common, even

in cases which have resisted treatment by rest and drugs for months. In

severe cases combined faradism and galvanism may be used with advantage.

G-alvanism is best applied daily, and the current should be as strong as the

patient can conveniently bear. Small batteries are worse than useless.

In the treatment of peripheral neuritis, on account of the inflamed nerves,

galvanism should not be used until the tenderness has mostly disappeared.

Prognosis cannot be attempted until there has been time for the de-

velopment of E.D. in the nerve and muscle. Considerable paralysis may
be present, with only diminished reactions to faradism and galvanism in

both nerve and muscle ; such cases usually show, under treatment, com-

mencing return of power by the tenth day, and almost complete recovery

at the end of a month. If, at the end of the first week, there is no

faradic or galvanic reaction in the nerve, with E.D. in the muscle, the case

will be at least three months in recovering perfectly. If no faradic
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irritability appears in nerve or muscle after three weeks the case is very
severe, and will take six months or a year to recover. If, in spite of treat-

ment, no faradic reaction appears after two months, recovery is hopeless.

Marked improvement sometimes follows in severe cases of nerve injury

or facial palsy which have been untreated and in statu quo for months, in

which persistent treatment by galvanism has been started late. Indications

of improvement will be seen in the contractions becoming stronger and
brisker, and finally return of the faradic reactions. Such cases are, how-
ever, very liable to develop permanent contracture which will not yield to

treatment. It is difficult

to resist the belief that

galvanism has some cur-

ative effect on the nerve

as well as in maintaining

muscular nutrition.

Some of the severest

cases of muscular wasting
of the forearm are due to

the too tight application

of splints in fractures or

sprains, causing severe

diffuse neuritis, with
muscular wasting, glossy

skin, and joint adhesions.

Occasionallyan ischemic
myositis results from
this pressure, in which,

though the reaction of

degeneration is found,

there is primary and
early muscular contrac-

ture.

In gynaecology the

method of electrolysis of fibroids was brought forward in 1882 by
Apostoli as a substitute for operative treatment. The principle of

treatment is the introduction of a platinum sound into the cavity of the

uterus, which is connected with the positive pole of a powerful galvanic

battery. The negative electrode used is made of moist modeller's clay,

applied to the abdomen, on it being placed a metallic contact connected
with the zinc or positive element of the battery. The current must be
turned on gradually after everything is in position, and great care must be
taken to avoid giving shocks, owing to the powerful currents used. At the

first sitting never more than 50 m.a. are given for five minutes, and if this

is followed by increased pain or inflammatory reaction the treatment is

considered contra-indicated. The treatment may be carried out two or three

times a week, increasing the strength of current to 100, or even to 200
milliamperes. The results claimed are diminution in size of the fibroid,

and cure of haemorrhage and of the feeling of discomfort. Apostoli
advocates the preliminary use of intra-uterine faradisation with the fine

coil or the sinusoidal current for diagnosis, when the treatment is contra-

indicated if the pain is aggravated. Interstitial and submucous fibroids,

subinvolution of the uterus, chronic parametritis, are the most suitable for

electrolysis ; acute uterine or periuterine lesions, suppurative parametritis
or salpingitis, and cystic tumours of ovaries or tubes, contra-indicate the

Mm. tatcrossei doreales
{

M. flexor hallucls long.

IT. extec?. digit, comm.
breiia

H. abductor digiti a;u.

Fig. 6.
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treatment. Continued cauterisation with the positive pole of the lining

membrane of the uterus is said to lead occasionally to atresia of the cervix.

This may be obviated by once or twice using the negative instead of the

positive electrode for intra-uterine use.

This effect of the negative pole in dilating a stricture has been used for

strictures of the urethra, rectum, oesophagus, lachrymal punctum, and nasal

duct. "Weak currents only should be used, from 5 to 10 m.a.

Electrolysis is also used, as in the treatment of nsevi, for destroying

hair follicles on objectionable moles, growths of hair on the cheek or chin

in women, and for inverted eyelashes or trichiasis.

The kathode is also used by some ophthalmic surgeons for absorbing old

corneal leucomata, 2 m.a. being used for three minutes at a time, and the

constant current also for treating persistent blepharospasm following kera-

titis, anode to back of neck, and kathode over the closed lids. In optic

atrophy galvanism has been said to improve vision when consecutive to

neuritis, though apparently useless in primary optic atrophy. Paralysis of

ocular muscles may also be treated by galvanism, the physician's finger

making a convenient electrode.

Sinusoidal Current.—The use of the alternating current for electric

lighting provides a ready means of using in medical treatment the sinusoidal

current, so called on account of the regular periodicity of the curve

representing the rise and fall of electromotive force. The alternating

current is supplied from the dynamo to the street mains at the high

pressure of 2000 to 5000 volts, alternating 80 to 110 times a second in this

country. By passing a current through a transformer made like an

induction coil, an induced current is generated in the outer coil, which is

made of coarse wire when intended for the low resistances of cautery or

lamp, and of fine wire for the high resistances of medical treatment. No
automatic interruptor is required on account of the current in the primary

coil being already alternating. With a suitably made transformer the

outer coil may be tapped at varying lengths, and a current of any required

voltage obtained, up to 100 volts, at which pressure the current is brought

into the building. The sinusoidal current is much smoother than the

faradic, though its effects on nerve and muscle are somewhat similar.

Muscular contractions and tetanus are produced, and a certain amount
of numbing and sedative effect after a certain time. The best effects are

seen in bath treatment, the forearms or feet being placed in two separate

pans of warm water with an electrode dipping into each, the current being

applied for ten minutes. Doulton's 3-gallon tongue pans (3 shgs. each)

serve admirably. For general application the patient is immersed in a warm
bath, well enamelled inside, and flat electrodes to the spine and feet.

Broadly speaking, the indications for using the sinusoidal current are

the same as for the faradic. It is a smoother, less jerky current, has more
pronounced sedative effect, while the muscular contractions are somewhat
less vigorous.

The Electric Bath.—Bath treatment is the most convenient and pleasant

form of administering either galvanism, faradism, or the sinusoidal current

to the whole body as a general tonic or stimulant in neurasthenia, peripheral

neuritis, anaemia, debility, rheumatism, and defective nutrition generally. A
well-enamelled metal bath suffices fairly well, but an oaken or porcelain one

insulates better. If the continuous main current is to be employed the

water taps should not be attached, but should overhang the bath, and the

waste pipe should be quite short and discharge into an open gully, so as to

insulate the bath from earth contact, to prevent leakage of current. Large
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zinc or copper electrodes are used, the anode placed behind the back and
protected by a back-rest of cane or webbing, and the kathode placed close

to the soles of the feet. Bath treatment is wasteful of current, only one-

eighth of the current passing through the patient. The water should be

warm, 99° or 100° F.

The faradic current is most useful for neurasthenic pains, and the coarse

coil or primary current may be used, but the interruptions should be rapid.

For rheumatism, chlorosis, and general metabolic effects, the continuous or

battery current is more likely to be successful. It may, however, cause

throbbing of the head and faintness when strong currents are being used.

Since seven-eighths of the current are wasted in the water, the galvanometer

in the circuit must indicate from 150 to 200 m.a. to ensure a current of 20

m.a. passing through the patient. The current should be turned on
gradually, and care taken to avoid shock.

Dangers of High Tension Currents.—Currents at pressure over 500 volts

are known as high tension, and are very dangerous to handle. Accidents

are not liable to happen inside buildings, because the voltage is always

reduced to safe limits, but in electric lighting stations, in the operation of

changing transformers, and in working with overhead wires, a sudden shock

at 2000 or 5000 volts pressure often proves fatal through syncope, and bad

burns often result, even if there is recovery. Accidental contact with low

pressure of 100 or 200 volts is not dangerous, though extremely awkward
shocks may be given. In treating patients from the main, a safety

resistance should always be included in the circuit, such as an eight-candle

lamp, which will not allow more than 300 milliamperes to pass.

It is not unusual to hear the continuous current spoken of as the low tension,

and the alternating as the high tension current. A current of 100 volts pressure

and 1000 amperes volume gives the same number of kilowatts or electric horse
power as a current of 10 amperes at 10,000 volts. Either current may be produced
at high tension, depending on the construction of the dynamo, and recently some
electric light installations have been built for high tension continuous current, as

that at Oxford, which supplies current of 1000 volts pressure. This voltage is too

high for direct supply to the consumer, and therefore transformers have to be used
to lower the voltage to 200 or 100 volts. This is performed by motor rotary trans-

formers, built as combined motor and dynamo, differing from the stationary

transformers of the alternating current supply. In this country all cables are laid

underground, with the exception of some tramway and railway lines, but in America
and on the Continent overhead wires, even for high tension currents, are not un-
common, increasing the risk of accidents from collapse of buildings or supports.

The continuous current is often supplied to the mains on the three-wire system,
two outer and one inner wires. Workmen sometimes get severe shocks by touching
the two " outers," getting a " short," or short circuit. Up to 250 volts, after the
momentary shock there may be faintness, pallor, haziness of vision, tremor, and loss

of nerve for a day or two. With higher pressures of 2000 volts and upwards death
from failure of heart or respiration may be instantaneous, and this fact has been
made use of in America for the electrocution of criminals. Death is not a constant
result, however, and though severe convulsions are produced at the time of contact,

the patient may ultimately recover with no worse result than a bad burn.

Experimental results on dogs by Prevost and Battelli with alternating

currents showed death from heart failure with shocks at 120 volts pressure,

but with high tension currents of 1200, 2500, and 4800 volts, tetanus and
convulsions were produced, and respiratory failure, but the animals could

be saved by artificial respiration.

In view of these results, and the occasional recovery of human beings after

shocks at these high pressures, it would be extremely desirable in all cases of

apparent death from electric shock or lightning stroke to make use of arti-

ficial respiration at the earliest possible moment as a desperate remedy.
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Electrolysis is the decomposition into simpler elements of a substance

placed between the poles of an electric battery. The process as applied to

the human body is somewhat complicated. There is first the primary

electrolysis, whereby the tissues are decomposed and oxygen and acids

appear at the positive, hydrogen and alkalies at the negative pole. But,

secondly, these nascent substances necessarily react on anything in their

neighbourhood, whether electrode or tissue, with which they have chemical

affinity. This secondary electrolysis gives character to the sloughs pro-

duced, and these results may be still further modified by the metal of the

electrode. Yet, again, the passage of a galvanic current through tissue must
undoubtedly have an effect not only at the electrodes where the destruction

is produced, but throughout the whole electrolyte. In nerve tissue it may
profoundly affect the power of transmitting impressions even up to com-

plete abrogation, and similarly with cells or fibres it may modify or annul

their contractility or nutritive properties.

These effects of the constant current of electricity may be applied with

beneficial result in various forms of disease, such as angioma, aneurysm,

various forms of solid or cystic tumour, stricture, abnormalities of hair, etc.

1. In angioma the action is chiefly upon the solid constituents of the

growth. At the negative pole the slough produced is diffuse, large, very

slightly contractile ; at the positive limited, small, and tending to condense

in healing ; the one corresponding to an alkaline, the other to an acid

cauterisation. Practically in electrolysing a nsevus we introduce so much
caustic potash or nitric acid made out of the tissues. We introduce these

nascent caustics in such infinitely minute division, and we so destroy tissue

in producing them, that they cannot be carried injuriously into the circulation.

By doing this subcutaneously we avoid the evils of putrefaction and we
conserve the skin. If properly performed the effect is that after a little

tenderness the slough is slowly absorbed without suppuration and without

scar.

The cases of nsevus, therefore, in which electrolysis should be used are

the mixed and subcutaneous varieties on the face or hands, where a scar is

to be avoided, and those elsewhere which from size or situation are not

amenable to excision. In these cases its advantages are, that it is

absolutely safe, that with sufficient perseverance it cannot fail to cure, and

that it does so without leaving the slightest mark.

It is necessary to recognise its limitations. It cannot cure a pure

cutaneous nsevus, or port-wine stain, without leaving an unsightly scar.

In the mixed variety the discoloration generally disappears when the sub-

cutaneous portion is destroyed, but in a few, perhaps 2 or 3 per cent, a

slight stain remains. Some cases may be cured by a single operation,

many require more, even up to 8 or 10, so that when a scar is not important

excision is better because quicker.

The method of operating is simple, but requires attention to detail.

The best strength of current is from twenty to forty milliamperes. In

the neighbourhood of large nerves it should be less. It should never
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exceed eighty. It should be so arranged that it can be increased from zero

without shock.

The needles should be insulated with vulcanite. I know of no improve-

ment on those originally introduced. The length of the exposed point

must correspond to the size of the nsevus, varying from an eighth to three-

quarters of an inch. For the sake of sharpness steel is the best material,

but in that case the positive pole requires to be resharpened after each
operation.

The positive pole is placed in a portion of the tumour where it can do
no harm. It does little though useful and firm work, and need not be
moved more than once or twice during an operation. The negative, on the

contrary, is held in the hand and constantly moved about. Its action is

diffuse and therefore more valuable, but it requires constant watching lest

it destroy the skin. This is the only difficulty in the operation—to pro-

duce sufficient destruction of the nsevus without touching the skin. In
early operations it is better to do too little than too much. The amount
of swelling and induration are your guides, and the slightest pallor of skin

should make you stop.

I find it rarely useful to repeat the operation under six weeks. Yery
little may start the process of involution, and the destroyed portion is not
absorbed under that time.

What has been said of electrolysis in nsevus applies with little modifi-

cation to other forms of angioma. The degree of resistance will vary
according to the nature of the tumour. Cirsoid aneurysm and aneurysm by
anastomosis are often spoken of as if they were one disease. The applica-

tion of the names is unimportant, but it ought to be definitely understood
that these are two essentially distinct forms of tumour. The former is a
dilatation of the branches of an artery, most commonly the temporal, has
nothing to do with capillaries, and is singularly amenable to electrolysis.

The latter is a cavernous metamorphosis of capillaries, in which great

caverns communicate backwards with enlarged arteries, forward with dilated

veins, and which more than any other angioma resists cure by electrolysis.

An artery if occluded remains so, and its occlusion often involves the

atrophy of a considerable extent of the tumour. In short I have never
failed to cure by electrolysis any cirsoid aneurysm, and several have required
only one operation. On the other hand, a vein easily reproduces its lumen,
and great caverns and dilated veins are not readily obliterated whether by
action on their walls or on the contained blood. I have given up several

aneurysms by anastomosis in despair during my early experience. Other
forms of angioma may all with patience be cured by electrolysis.

2. Aneurysm.—There is a class of aneurysm, viz. the arterio-venous,

which has in some respects an affinity to the aneurysm by anastomosis of

which we have been speaking. The murmur, the close association of

arteries and veins, and the singular changes in the latter, are very similar
in them both. But there is this important distinction, that the arterio-

venous aneurysm being usually traumatic, has a comparatively small
arterial orifice, and that whether it be an aneurysmal varix or a varicose

aneurysm. This renders it likely that arterio-venous aneurysm may be
satisfactorily treated by electrolysis. My experience is limited to those on
the smaller vessels, but all were successful. The proper course is to work
about with a stout negative needle until you have found a place where
by transfixion or lateral pressure you can more or less completely control
the pulsation, and there maintain it till the electrolysis of the vessel is

complete. It appears to me the best form of treatment in these difficult

VOL. Ill 17
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cases. Other forms of aneurysm in which electrolysis is worthy of con-

sideration are those which some surgeons have treated by injection of

coagulants. Here we must take into account the effect of electrolysis upon
blood. At the positive pole there is produced a small, black, firm coagulum,

at the negative a considerable quantity of a loose, pinkish, white froth, and
in addition to these a certain amount of thin, dark fluid consisting of serum
and altered corpuscles. Comparing electrolysis with other coagulants it is

evident that the fluid and frothy products will be prone, the first to dis-

appear, the other to contract, but on the other hand there is no risk of

deleterious substances being carried into the circulation, while by bringing

the needles for short periods in contact with the walls that inflammatory

action may be set up which Mr. M'Ewan aims at in his mode of treat-

ment by needling. Of surgical aneurysms the gluteal and sciatic are those

which most naturally lend themselves to treatment by coagulants, and in

which I should prefer electrolysis as safest and best.

But the aneurysms which have been most frequently subjected to

electrolysis are those like the aortic or innominate in which no ligature or

other operation is practicable. More than thirty years ago in studying this

question I came to the conclusion that the dangers of electrolysis lay in

haemorrhage which came from cauterisation of the needle-track, and in

inflammation of the sac which was caused by cauterisation of the wall.

The introduction of the vulcanite coating abolished these dangers. Elec-

trolysis of aortic aneurysm at once became free from risk. But it was
found that a large part of its beneficial effect had also disappeared, that as

a coagulant pure and simple the electric current was not very efficient, and

that a large part of the old cures and improvements had really been due to

the inflammation produced by uninsulated needles which was also the

source of danger. The problem, therefore, now is to attain that amount of

irritation of the sac which will cause coagulation but not severe inflamma-

tion. Short operations with very fine uncoated needles may attain our

object in some cases, in others longer operations with insulated needles,

whose exposed points shall for short periods and at different parts be made
to touch the wall. The comparison in aortic aneurysm lies not with

coagulants which are altogether out of court, nor I think with the introduc-

tion of foreign material like wire which must remain permanently, but with

the plan of prolonged scratching with fine needles. Which is safer and

more certain is not yet determined.

When in other aneurysms electrolysis comes into competition with

ligature, incision, excision, and compression the relative certainty and safety

must be determined for each case. If I were asked to put the matter

generally I should say that where practicable compression is our first

resource, and that for such cases as the popliteal aneurysm ligature comes

next, but that the safety of electrolysis brings it in after these notwith-

standing its uncertainty.

3. The other applications of electrolysis, as a depilatory (where it is very

useful), in the treatment of stricture (where its advantage is very doubtful),

and in the destruction of tumours, may be referred to their respective

headings. Under the last head, however, I would mention one or two

points which may probably otherwise escape consideration. I assume in

the first place that like all escharotics it may be abandoned in malignant

disease. In innocent tumours generally its value may be determined not

only a 'priori but also from experience in uterine fibromyoma. I suppose

one may say that electrolysis tends to arrest but rarely succeeds in curing

fibroids of the uterus, and that its action is slow and necessitates frequent
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repetition. It is therefore to those tumours elsewhere, in which we may
legitimately be satisfied with such a process and result, that electrolysis is

applicable. For example, I think it possible that electrolysis has a future

in connection with soft goitre and similar conditions. In goitre there is a

structure to a certain extent comparable to angioma. A good deal may
therefore be done by destruction and absorption of the slow-growing tissue.

It is not unlikely, moreover, that as in uterine fibroids more than the

escharotic action may come into play, and that we may have nutritional

and nerve effects from strong currents. My own experience of the local

results has been distinctly favourable, but it is right that I should add

that I never give an anaesthetic in exophthalmic goitre without fear and
trembling, and that patients will not submit to a strong current without

it. This risk, however, is involved in all surgical treatment of goitre.

Elephantiasis. See Eilaria.

Embolism.—By embolism is meant the carriage and impaction of

a foreign body in some part of the vascular system, the impacted substance

being called an embolus. Almost any organ in the body may be the site of its

arrest. Embolism may also occur in the lymphatic vessels. The clinical

features and points of practical importance in connection with embolism in

the brain, heart, lungs, retina, kidneys, intestines, liver, and spleen will be

referred to under their respective headings. The object of the present

article is to give a short general summary of the subject.

Varieties of Emboli.—The most usual composition is a small part of a

thrombus or a fragment from an endocarditic vegetation. In rarer cases it is

composed of a spicule from an atheromatous plate, air, fat, cells, which may
be parenchymatous, as liver or marrow cells, or tumour cells, bits of tissue,

pigment granules, bacteria, and animal or vegetable parasites. Air emboli

will be separately discussed under injuries of the neck, and fat emboli

will be described under that heading.

Site.—Emboli are carried along by the general blood-stream until they

become impacted in a vessel too narrow to permit of their further passage.

This usually takes place in the general arterial system, the pulmonary
arterial system, or in the branches of the portal vein. Occasionally it is met
with in the systemic veins, and is then called a retrograde venous embolism.

An example of this form is the arrest of an embolus in the pulmonary vein,

resulting from the presence of vegetations on the mitral valve or a

thrombus in the left auricle. Keference must also be made to a form of

atypical embolism, of which several examples have been described which
have been found to be due to a patent foramen ovale. This allows of the

development of embolisms somewhere in the arterial system, the embolus
being derived from the right side of the heart or venous system, and getting

into the arterial system without passing through the pulmonary circulation.

The fact that this can occur serves to explain certain cases where the size

of an embolus has excluded the possibility of its having passed through the

pulmonary capillaries.

Results.—The results vary according to whether the embolus be aseptic

or septic. If it be aseptic, the pathological changes and clinical features

are simpler in comparison with the results following one of a septic

nature.

In the case of a simple embolism the blocking of the vessel is followed by
necrosis of the tissue whose blood-supply is arrested. The necrosed area is
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known as an infarction, the size and shape of which vary with the particular

organ and size of vessel affected. The colour is opaque, white, or yellowish,

unless haemorrhage is added to the necrosis, when it is described as hsemor-

rhagic. In the kidney and the retina the infarct is nearly always pale, while

it is as constantly hsemorrhagic in the lungs and intestines. In the spleen

and the heart it may be either red or white. When pale the periphery of

the infarction is congested. The engorgement, whether peripheral or general,

depends on a re-establishment of the collateral circulation and not on a

venous reflux. The proper tissue elements of the organ undergo necrosis,

the rapidity varying with the sensitiveness and vitality of the tissue. Later,

the degenerated parts undergo absorption, with the formation of a cica-

trix resulting from the inflammatory change which develops all round the

infarct. In the case of infarction in the brain and spinal cord there is not

a sufficient quantity of coagulable substance to make the area hard, and the

parts undergo colliquative necrosis.

The results of a septic embolus are the formation of a small pysemic

abscess. In cases of acute infective endocarditis an embolic aneurysm is

sometimes produced, most commonly in the cerebral or mesenteric arteries,

this aneurysm being due to the action of the bacteria on the inner wall of

the vessel.

Clinical Features.—These necessarily vary widely; embolism of the

coronary arteries may produce almost instantaneous death, while on the

other hand an embolism of the spleen may produce hardly any symptoms,

and may have no clinical significance whatever.

Some cases have been recorded in the thoracic and abdominal aorta

:

in the former cases, sudden death usually resulted ; in the latter, paraplegia

and other symptoms dependent on complete cutting off of the blood-supply

from the lower extremities. The symptoms in cases of embolism of the

extremities will vary according to the site of the affected vessel, and though

rare, are readily recognised by the sudden onset and local disturbances

induced. In some of these cases it is sometimes exceedingly difficult to

distinguish between embolism and thrombosis.

LITERATURE.—Welch. System of Medicine (Allbutt), vol. vi. p. 228, with full patho-

logical details, discussion on etiology, and good bibliography.

Emetics.—These are agents that produce vomiting. The act of

vomiting is usually preceded by feelings of nausea, during which a

copious supply of saliva is poured, into the mouth. This being swallowed,

carries down with it a certain quantity of air which subsequently helps in

the discharge of the gastric contents, by assisting in the opening of the

cardiac sphincter.

The mechanism of vomiting consists in a deep inspiratory effort being

made, by which the diaphragm is pushed down as far as possible on to the

stomach, the lower ribs being at the same time forcibly indrawn ; the glottis

is closed so that no air can enter the lungs, but probably some is swallowed

into the stomach. This inspiratory action is followed by a sudden violent

expiratory contraction of the abdominal muscles and diaphragm, and as the

glottis is closed, this results in pressure on the abdominal contents, the

cardiac orifice at the same time being opened by some contraction of its

muscular fibres. The mouth is held widely open and the neck stretched,

affording as straight a course for the vomit as possible.

There is an additional expiratory effort which serves to prevent the

vomit passing into the larynx, the posterior pillars of the fauces being closed
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to prevent the contents passing into the nose. This is ineffective if the

vomiting is severe.

Thus in vomiting there are two main factors, the extrinsic pressure of

the abdominal walls on the stomach and the dilatation of the cardiac orifice.

These are ineffectual unless they are both called into action. The former

alone, however violent the effort may be, only produces retching. The
intrinsic movements of the stomach, with an open cardiac orifice, are un-
able to do more than eject gas or water-brash (pyrosis). The two main
factors do not usually come into play at once, hence the sensation of nausea

is usually at first followed by retching, which becomes vomiting when the

cardiac orifice is open.

During vomiting the pylorus is usually closed, and so prevents any of

the stomach contents passing into the duodenum, but if the gall-bladder is

full some of the bile may pass through the pylorus and find its way into

the stomach (bilious vomiting).

The nervous mechanism involved in this act is governed by a centre

situated in the medulla oblongata, and is capable of being stimulated by
afferent impulses reaching it from many sources.

The more common sources of reflex stimulation are stimuli applied to

the peripheral nerves, as tickling the fauces with a feather, irritation of the

gastric mucous membrane, obstruction of the intestine, hernia, etc. Vomit-
ing from renal and biliary calculi, and the morning sickness of pregnancy,

are also apparently of reflex origin.

Lastly, the centre may be thrown into action by stimulation of parts of

the brain higher up than itself, as vomiting produced by smells, tastes,

ideas, and in some cases from cerebral disease.

Drugs acting on the different organs, mouth, pharynx, oesophagus,

stomach and intestines, on the biliary and renal passages, kidney, peri-

toneum and uterus, or on their centres, might be considered as emetics.

It is usual, however, in describing emetics only to consider those which
do so either directly by acting on the stomach or on the centre in the

medulla. The term indirect emetic is applied to those that produce vomit-

ing by their action on the vomiting centre without being taken into

the stomach. Such are ipecacuanha, apomorphine, tartar emetic, senegse,

and squill. The direct emetic is one that causes vomiting reflexly because

they are applied to the stomach, e.g. the sulphates of zinc, copper, alum,
carbonate of ammonium, salt, mustard, warm water, chamomile. Tickling

the fauces with a feather may be relied upon to produce reflex vomiting
either alone or in combination with a drug.

Some confusion has arisen between the terms direct and indirect

emetics ; they are, however, used to denote the connection between the

stomach and the drug, and not the drug and the centre of vomiting.

Apomorphine, tartar emetic, and ipecacuanha are very powerful in their

action, and are also very depressant.

Uses.—Emetics are firstly used to remove the contents of the stomach.
If the organ is over-distended and there is a feeling of nausea, or if there is

unsuitable food in the stomach, causing irritation and not undergoing proper

digestion, as in some cases of dyspepsia and sick headache, a copious

draught of lukewarm water, or of mustard and water, is usually all that is

required. If the stomach contain a poison, it is well to get rid of it as soon

as possible, and to prevent absorption, sulphate of zinc or copper, or mustard
and water, are the best. If the poison should happen to be a powerful
gastric intestinal irritant it is preferable to wash out the stomach rather
than use an emetic.
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Secondly, emetics can be used to aid the clearance of the air-passages in

children who cannot expectorate well, as in bronchitis or laryngitis—the

usual emetic being ipecacuanha ; but in croup something with a quicker

action is wanted, such as sulphate of copper or zinc, and tickling the back of

the fauces. If there is much depression, carbonate of ammonium is best, as

it is a stimulant as well as an emetic. An emetic may also be useful for the

removal of a foreign body impacted in the larynx. So-called " biliousness
"

is more rapidly relieved by an emetic than by a purgative, as there is no

chance of its absorption through the stomach. In ague, if there be much
bilious vomiting, an emetic of ipecacuanha or hot water will clear the

stomach and allow of the administration and retention of the quinine.

Caution.— Patients suffering from prolapse of uterus or rectum,

peritonitis, hernia, aneurysm, and the like, are not suitable subjects for an
emetic on account of the straining. For the same reason caution must be

used in administering emetics to subjects with atheromatous vessels and
high arterial tension, as the straining may lead to haemorrhage.

EmmenagOgues.—A drug which stimulates and regulates the

menstrual functions is called an emmenagogue.
The causes of disturbance of the menstrual functions are very varied,

and will be found fully treated of under the heading " Menstruation." It

is sufficient to mention here that when the general health is below par

from nervous debility, anaemia, tuberculosis, an indirect emmenagogue is

required, that is, one which will act by improving the general tone of the

nervous system, or by increasing the quantity and quality of the blood.

Such may also act by stimulating the adjacent organs, and thus reflexly

acting oh the uterus. The principal are purgatives, especially aloes in

any form, and tonics—iron, arsenic, strychnine, potassium permanganate,

cod-liver oil. Hot water and mustard, foot and hip baths, are also beneficial

when menstruation is delayed.

Direct emmenagogues are those which exert a local action on the uterus.

These are ergot, quinine, savine, guaiacum, hydrastis, rue, asafcetida,

myrrh, cantharides, and borax. These, when given in moderate doses, gently

stimulate the uterus, thus producing menstruation. If menstruation is

profuse they check the excessive flow by toning up the uterus. When
given in large doses they may produce abortion, and are then termed

ecoolics. Their use in large doses is attended with very considerable risks.

Emphysema, Surgical.

See also Lungs.

Emphysema is the term used to denote the presence of air in the cellular

tissues of the body. In order to differentiate the condition from vesicular

emphysema of the lungs, it is also called subcutaneous, cellular, or surgical

emphysema. It is caused by

—

1. Wounds of the lung, occasionally by a punctured wound, more

frequently by a subcutaneous wound of the lung due to a fractured

rib. It may be associated with pneumothorax, but as a rule this complica-

tion does not occur owing to cohesion of the visceral and parietal layers of

the pleura. In either case, however, air is forced into the cellular tissue

during expiration, and appears first in the chest-wall near to the seat of

injury. In rare cases the cause may be disease of the lung, e.g. rupture of

a vomica la or pulmonary abscess.2
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2. Affections of other parts of the respiratory tract—wounds of the

trachea, intubation,3 ulceration of a bronchus,4 or of the larynx.5 Fractures

of the skull involving some of the accessory sinuses of the nose may be

associated with emphysema, which is usually localised to certain regions,

e.g. the orbit.

3. Wounds of the thorax involving the pleura, but not the lung. In
rare cases air may be forced during expiration from the pleura into the

cellular tissues.

4. Subpleural rupture of pulmonary vesicles by violent expiratory

efforts, as in pertussis, less frequently in capillary bronchitis,6 diphtheria,7

or in violent straining during parturition.8

5. Injury or disease of the alimentary tract—cesophagotomy,9 perfora-

tion of gastric ulcer, ulceration 10 or rupture of the intestine,11 etc.

Symptoms.—The most common cause of subcutaneous emphysema is

fracture of the ribs, other causes being for the most part rare. The
appearances produced are those of a swelling with ill-defined limits, and
over which the skin appears healthy. The part is soft to the touch, and on
slight pressure fine crepitation can be elicited, which is highly characteristic.

The region where the air first makes its appearance subcutaneously is of

importance in determining the cause. Thus the emphysema appears first in

the chest-wall when due to a wound of the lung, but first in the flanks, and
then on the front of the abdomen when due to rupture of the intestine. 12

In subpleural rupture the air escapes into the interalveolar tissue (interstitial

emphysema), and thence into the mediastinum, and appears first at the neck.

The extent of the emphysema is very variable. In the majority of cases it

is localised to the site of its initial appearance, in others it may thence

spread. The infiltration of air is often limited by the attachments of

fasciae, and although general emphysema is of rare occurrence, the trunk,

neck, and limbs may all be involved.

Treatment.—Pressure is useful in limiting the emphysema. Other
measures must be adopted if indicated by the causal process, and the

possibility of suppuration should be remembered especially if there be an
external wound.

Emphysema must be clearly distinguished from the condition where
gases in the tissues are due to the action of bacteria. Apart from the

gangrenous emphysema due to the bacillus of malignant oedema, somewhat
similar cases have been recorded by Fraenkel (B. phlegmones emphysema-
tosa),13 Wicklein (B. emphysematis maligni),14 etc., where the process

was due to other anaerobic bacilli which are probably not all identical.

Gas may also be found, associated with anaerobic bacilli, in the tissues

post-mortem, usually, however, in the internal organs (German, Schaum-
organen), and especially in the liver.15 The gas -forming bacillus found
by Welch and Nuttal has been termed " Bacillus aerogenes capsulatus." 16

LITERATURE.—1. Paget, Stephen. The Surgery of the Chest, 1896.—la. Lancet, 1893.

Sept. 30, p. 810.—2. Brit. M. Jour. 1896, Dec. 12, p. 1711.—3. La Pediat. 1895, July, No. 7.-4
Lancet, 1894, April 7, p. 858.—5. Gaz.hebdom. deme'd. et dechir. 1899, p. 445.—6. Lancet, 1894,

Dec. 8, p. 1345.—7. Lancet, 1896, Oct. 3, p. 941 ; 1897, April 3, p. 953.-8. B. M. Jour.

1895 ; Lancet, 1896 and 1897 (several communications).—9. B. M. Jour. 1897, Oct. 16, p
1090.—10. Lancet, 1898, Nov. 26, p. 1391.—11. B. M. Jour. 1893, vol. i. p. 401.—12. Erich
sen's Surgery, 1884, vol. i. p. 851.—13. Virch. Arch. 118 Bd. 1889 ; also Centralb. f. BaH,
13 Bd. 1893.—14. Virch. Arch. 125 Bd. 1891, p. 75.—15. Virch. Arch. 133 Bd. 1893, p. 308
—16. J. Hopkins Hosp. Bull. 1892, No. 24 ; also B. M. Jour. 1897, vol. ii. p. 1845.

Empyema. See Pleura.

Encephalitis. See Brain, Inflammation of.
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Endocarditis. See Heart.

Endometritis. See Uterus.

Enemata.
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Introductory.— Enemata are liquid preparations used for injection

into the rectum. They are usually classified into three groups—nutrient,

purgative, and medicinal, according to their action. Nutrient and medicinal
enemata being intended for absorption, must be small in amount and non-
irritating to the neuro-muscular mechanism of the intestine. Purgative
enemata, on the other hand, being administered for the purpose of evacuat-
ing the bowel, must have the power of stimulating the intestinal muscle
nervous mechanism, and also the glandular structures in the intestine.

Hence the main feature of a purgative enema is its bulk, which is usually,

for an adult, one, two, or more pints, while the bulk of a nutrient enema
should not exceed four ounces.

Modes of Administration.—Enemas are best administered with
the patient lying on the side with the knees drawn up. The process of

injection must be carried on slowly, with occasional pauses, and after the
injection a towel may be pressed against the anus, otherwise there is a risk

of premature contraction of the bowel, with expulsion of the enema. In
children a certain amount of pressure exerted on the sides of the anus for

a few minutes helps its retention.

When it is desirable to inject a large quantity the patient should lie

first on the left side, then on the back, and lastly on the right side, so as to

promote the filling of the intestine.

Cautions.—(1) In all cases avoid injecting air. (2) Always see that the
end of the nozzle is free and not pushed against the internal sphincter, the

sacrum, or a mass of faeces. (3) Keep in mind the possibility of a syncopal
attack following its use. ]

Apparatus.—Various forms of syringes are used for the injections. In
cases where a medicinal agent is being given, and the quantity is about 2
to 4 oz., a small glass piston syringe with a slightly curved vulcanite nozzle

is all that is required. For a nutrient enema, the quantity not exceeding
3 oz., a brass piston syringe or a simple elastic bottle with an ivory or gum-
elastic nozzle can be used. Where a purgative enema is required, and the

quantity is large, an instrument of the nature of a Higginson's syringe is

most serviceable, care being taken to see that it is full before commencing
the injection so as to avoid the injection of air. Each contraction of the

ball injects on an average one ounce of fluid. For irrigation of the towel

an ordinary douche apparatus, as used in obstetric practice, with a large-

sized rubber catheter at the end of the tube, is required. The patient is

placed in the following position, with mackintosh sheet below, and draining

into a pail. The douche can is placed 4 or 5 ft. above the bed. The
catheter is oiled and placed within the anus before the water is turned on.

As the water flows the catheter is passed steadily upwards for 12 to 14
inches if possible. Plain water, or a 75 per cent solution of salt and water
(one teaspoonful to the pint), seems to be as efficacious as any of the other

fluids that are credited with antiseptic properties.

Therapeutic Uses.—Constipation.—The amount required for an adult
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is usually one to two pints ; for a child of four years old, 4 to 6 ounces

;

and for an infant, 1 ounce. It may consist of soap and water, or soap and
water with 3 or 4 ounces of turpentine, or gruel water either alone or

mixed with olive or castor oil. These should all be given at a temperature

of about 100° F. The enema magnesii sulphatis gxvj., and the enema aloes

§x. (B.P.), are also valuable. Small enemas of cold water are very useful

in some cases, probably acting by stimulating peristalsis.

Glycerine.—This acts both as a stimulant and irritant to the rectum, an
injection of 3j. or 3ij. producing a motion in about half an hour. In some
cases glycerine produces a severe burning sensation, and can be advan-
tageously diluted with equal parts of water or castor oil.

Glycerine suppositories, of various forms and sizes, are a convenient form
for administration.

Intestinal obstruction.—The introduction of a large volume of soap,

water, and oil in the manner previously described under intestinal irriga-

tion may be very useful. In all cases of this nature, it should be borne in

mind, large enemata should only be used after a very careful consideration

of each individual case.

Diarrhoea and Dysentery.—The enema under these conditions may be
desired to act either as an astringent, an anti-spasmodic, or a sedative.

For a sedative enema, the enema opii gij., whose basis is mucilage of

starch, is probably the best. For a child of 1 year, TT^ij. to TT^hj. of tinct.

opii in §ss. of starch, of a suitable consistence, is sufficient.

As a sedative and astringent to the mucous membrane of the lower

bowel, bismuth subnitrate (3j. in 5iv. to §vj. of water) or mucilage of starch

is useful.

If there is ulceration with a mucous discharge, silver nitrate (5 grs. to

1 pint water), zinc sulphate or copper sulphate (1 grain to the ounce of

water), give better results.

In the summer diarrhoea of infants, tannic acid (10 to 30 grs. to a

pint of water) appears to render inert some of the animal poisons present.

Irrigation may also have a soothing influence on the mucous membrane,
and is useful in various forms of diarrhoea and in cases of recurrent colic.

In dysentery 4 to 6 pints of warm water, or of milk and water, have
been injected as a form of internal fomentation.

If there is reason to believe that gangrene is present, and is chiefly

located in the rectum, emollient and antiseptic enemata are indicated. The
amount injected should never be sufficient to distend the bowel immoder-
ately, or to cause pain. Infusion of linseed is good as an emollient and
sedative enema. Enemata of warm water, with potassium permanganate,
or a weak solution of carbolic acid, are of service when there are black

sloughs or offensive debris in the stools.

In cases of gangrenous rectitis repeated enemata of water acidulated

with lemon juice have been recommended.
Parasites.—The thread worm, or ascarides, can be got rid of by the

following injections :—Enemata of salt and water, or lime water ; spirit of

turpentine, 3ij. to 3iv. with a yolk of an egg in §iv. of water ; infusion of

quassia, |ij. to a pint of water ; enema aloes, or asafoetida (B.P.), $iv. may
also be employed.

In giving an enema of quassia it is well to remember that symptoms of

poisoning have occasionally arisen, a condition of powerful narcosis for

many hours, with respiration and heart's action extremely feeble, having
been observed.

Haemorrhoids.—When necessary nothing is better than a simple enema
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of | pint of cold water injected after breakfast. Slight bleeding from piles

may be checked with injections of cold water.

Haemorrhage.—After a profuse post-partum haemorrhage the collapse is

greatly assisted by the slow injection of one or two pints of warm saline

solution, or even warm water, into the rectum. The general condition of

the patient rapidly improves, as the fluid is quickly absorbed by the rectum.

The same form of enema given after a severe operation is of great help in

allaying thirst.

Nutrient Enemata.—The following points must be borne in mind :—(i.)

The absorbent powers of the mucous membrane of the rectum are slight and
slow in action

;
(ii.) irritation may easily be set up. The food, therefore,

must be easily absorbed, bland, and of small bulk. The ingredients and
methods of peptonising and pancreatising will be described in a later article

(" Invalid Feeding "). There are rectal suppositories of predigested foods

in the market, and they are very useful at times.

It is sufficient to say here that the quantity should not exceed from

2 to 4 ounces, that the irritation of the rectum with its obstinate

diarrhoea may be delayed by the cleansing of the rectum with a small

injection of saline solution before each enema is given, and the administra-

tion of T(\v. tinct. opii in every second or third enema.
Nutrient enemata should not be given oftener than one every six hours.

A skilful nurse can do a great deal in the successful maintenance of rectal

feeding for a prolonged period. These forms of enemata are of little use in

childhood from the difficulty of retention.

Medicinal agents, such as morphia and belladonna, are administered more
conveniently by the rectum in the form of suppositories. Chloral may be

administered in cases of eclampsia, 30 grains at the onset of the attack

repeated every two hours until the fits stop. It is not advisable to exceed

3£ drachms in the twenty-four hours.

Enemata as a Diagnostic.—The diagnostic value of a purgative enema
is considerable, and will be referred to in other articles, e.g. constipation,

intestinal obstruction. It will suffice here to emphasise the fact that the

use of a large purgative enema, sometimes repeated two or three times,

has not infrequently indicated the simple nature of a case, when the

symptoms had been such as to suggest much graver mischief, e.g. typhoid

fever, tuberculous meningitis, intestinal obstruction from other causes,

simple mania, etc.

As previously stated, careful deliberation is frequently required before

deciding on the use of large enemata.

Enteralgia, Enteritis, etc. See Intestine.

Enteric Fever. See Typhoid Fever.

Enteroptosis.

Syn.—GlenardJs disease, Visceroptosis (Eccles), Splanchnoptosis (Stiller).

See also Stomach (Gastroptosis), Liver (Hepatoptosis), Intestine

(Enteroptosis), Kidney (Nephroptosis).

Definition.—In the sense used by Glenard, enteroptosis implies down-

ward displacement of the stomach, transverse colon, and generally of
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the right kidney, accompanied by digestive disturbances and often by
neurasthenic symptoms.

As employed by later writers, especially those of the German school,

enteroptosis is rather applied to displacements of at least two abdominal
organs (Schwerdt), without any distinction as to them individually. Nor
does it appear that they attach so much importance to the dyspeptic or the

neurotic accompaniments as the followers of Glenard.

Owing to the utter state of confusion into which the subject has drifted,

and the conflict of ideas as to what really constitutes enteroptosis and what
does not, any connected description of the matter is rendered hopeless and
impossible.

The confusion into which the subject has fallen is entirely due to the

unscientific and illogical application of the term enteroptosis to a somewhat
fantastic and arbitrary group of symptoms and signs raised by Glenard to

the dignity of individuality, thus elevating them to the rank of a special

disease, whereas these signs and symptoms may be occasioned by other

combinations of visceral displacement, or depend upon changes in position

of one or two of the three organs included by Glenard, not necessarily of

aH.

Literally implying a falling down of the bowel, the term should be

applied only to this. In default, however, of a more suitable name it will

be convenient to consider it to mean the displacement downwards of any
abdominal organ, associated with a similar descent of at least one other

(Schwerdt), and accompanied by symptoms of disturbed digestion, with or

without neurotic conditions.

The mere physical condition of ptosis of any abdominal viscus need not

necessarily lead to functional error, indeed, in numbers of women visceral

ptoses of greater or less degree lead to no ill result. It is only when
descent of abdominal viscera causes or has been caused by pathological

lesions, symptomatically expressed, that the expression enteroptosis or any
of its component units become applicable.

Thus the relationship between enteroptosis as a medical entity and the

displacement downwards of the various abdominal organs individually

remains a qucestio vexata. Any conclusion as to whether a floating kidney,

a wandering spleen, a fallen stomach, or a movable liver, individually or

in combination, really constitute an incomplete form of enteroptosis or

not must be left for future systematism to determine. It would conduce
to ease of understanding if the word splanchnoptosis were to be used to

cover multiple displacements of abdominal organs, enteroptosis being con-

fined only to intestinal prolapse, and the other special names to the disloca-

tion of the several organs.

Etiology.—Many have been the theories advanced to explain the causes

of enteroptosis, theories which contradict one another in almost every

particular.

Owing to the uncertainty attaching to the actual lesions which are included
under the term enteroptosis, any attempt to portray the etiology of the disease
as an entity presents great difficulties to the writer. Glenard's disease, as inter-

preted by himself, would seem to depend upon weakness of the ligamentous bands
suspending the several organs concerned to the abdominal parietes.

Glenard, in his original description, pointed out that the greater length of the
intestinal tract compared with the same measurement of the cavity housing it—
about ten times as long—necessitates arrangement of it in coils,—coils suspended
by a series of ligamentous attachments to the posterior wall of the cavity. At
each point where a coil bends to join the loop above or below it a sharper curve
is formed. These points are particularly apt to hinder the passage of the intestinal
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contents, and if the bowel fall at one point its traction upon the next of these
points d'appui will serve to drag, and possibly stretch, the ligaments, with the
result that further descent is rendered probable.
A downward displacement of the colon and small intestine is logically followed

by descent of the stomach, with or without antecedent signs of dilatation, as the
removal of support from the stomach given it under normal conditions by the
bowels, aided by the elastic pressure of the abdominal walls and of the atmosphere
outside them, causes a strain upon the gastro-duodenal ligament which it is

unable to bear unaided.
A dilated stomach of pronounced character, where stasis of the contents occurs

and large accumulations of material gather, favours displacement by its size,

and tends to cause descent of other organs.
The gastro-duodenal ligament or small omentum is not invested with any great

power of resistance, and the same is true of the meso-colon. Dislocation of the
organs supported by these membranes is therefore not uncommon, nor surprising,
and the descent of the one generally implies falling of the other.

The downward displacement of the whole stomach involves stretching of the
oesophagus and its attachments. The condition known as pyloroptosis results
when the pyloric portion of the stomach descends without change of position of
the cardia.

Gl^nard claimed a constant connection between one or other displacement of
individual organs and a general tendency towards abdominal descent, a " ptosical
diathesis." There is abundant evidence to prove that falling-down of the stomach
as a whole, or of the transverse colon, is prone to lead to dislocation in other
organs ; and that the cause of one organ's descent may very well account for dis-

placement of others ; but equally clear evidence can be given as to the actual
occurrence of ptosis in single organs unaccompanied by any general displacement,
at least to any noteworthy extent, as, for example, in floating kidney.

Again, enteroptosis per se may follow other displacements, and is by no means
invariably attended by signs or symptoms of disease, although several authorities
assert the contrary opinion.

Still there are some who attribute enteroptosis to congenital predisposition.
Stiller, for instance, describes the condition as one in which " downward displace-

ment of the stomach, small intestine, the right or both kidneys, the liver occa-
sionally, and the spleen still less frequently, occurs owing to weakening of

the peritoneal folds." " It arises from an inborn, probably inherited predisposi-
tion, which largely depends upon weakness of the central and digestive nerve
systems."

Stiller further believes that the mobility of the tenth rib varies with the degree
of neurasthenic dyspepsia present, and consequently with the displacement of the
abdominal viscera accompanying it. Nervous dyspepsia and enteroptosis are
seldom seen apart from one another.

Although Stiller disregards the effects produced by tight lacing on the stomach,
there is little doubt that the unnatural conditions caused thereby are capable of

originating enteroptosis with or without nervous habit or hereditary slackness.
Nervous dyspepsia may arise from antecedent enteroptosis ; enteroptosis cannot
be the offspring of nervous dyspepsia (Herzog).

Kelling supposed that a direct connection existed between the change in

position of the stomach, the proportion of haemoglobin in the blood, and the
condition of bodily nutrition ; but Kiittnerand Dyer, in 18 healthy subjects, whose
ages ranged from 10 to 70 years, with a mean of 30|, found the percentage of haemo-
globin to be 81 '1 (50-95), while 18 similar subjects presenting signs of gastroptosis,
with 33\3 years as their mean age, gave 8T8 per cent of haemoglobin (62-90),

no diminution of haemoglobin had occurred.
Perhaps it may be postulated, from the more recent writings on the subject,

that the most probable causes of enteroptosis, or of the displacement of individual
abdominal viscera, are loss of abdominal fat, artificial compression of the waist,

pregnancy, weakened support by visceral tension, a slackened state of the muscles
of the anterior and lateral abdominal parietes from various causes, and perhaps
in a few cases congenital weakness of the supporting ligaments.

Dilatation of the stomach can often be traced to long-continued habits of over-

loading that organ with food and drinks ; but such can hardly cause gastroptosis.

The organ dilates because of a too frequent physical distension, which in itself

tends to keep the upper part of the stomach in place by reason of the consequent
increased intra-abdominal tension. Unless the tension common to all the ab-

dominal contents be irregularly or inefficiently maintained no change in the posi-



ENTEEOPTOSIS 269

tions of the contained organs can take place, unless weakness of attachments and
deficient resisting power of the diaphragm permit of sinkage of organs, with
occupation of their former places by other parts.

ETIOLOGICAL FACTORS.
Author.

1. Glenard.

2. Stiller.

3. Obrastow.

4. Schwerdt.

5. Symons Eccles.

Factors.

Weakness of peritoneal
ligaments ; sinking of bowel
at ends of its transverse
coils ; a " ptosical dia-
thesis."

Weakness of peritoneal
folds ; inherited predis-
position ; weak nerve sys-
tems, central and digestive.

Heredity ; loss of tone
of abdominal muscles ; loss

of peritoneal fat ; neur-
asthenia.

Atony of nervoussystem

;

corsets, leading to loss of
tone in walls and impaired
digestion.

Loss of abdominal ten-
sion.

Organs.

_
Stomach. Transverse colon,

right kidney. (Neurosis and
dyspepsia.)

_
Stomach, small intestine,

right or both kidneys, the
liver, and the spleen rarely

;

movable tenth rib.

Any two abdominal organs.

General enteroptosis. "All
viscera apparently hanging
down in a pendulous belly."

Position of the Abdominal Organs.—No exact statements are possible as
to the normal positions and limits of abdominal organs in the majority of

persons. They vary markedly with the form of the chest, the state of

nutrition generally, the fulness or emptiness of the stomach or bowels, in

both sexes ; in the female their relations depend also upon the extent to
which compression of the waist has been carried, through the use of corsets,

and upon former pregnancies.

The question is complicated by the fact that the hollow viscera dis-

placed may also be dilated ; indeed, a stomach may be displaced downwards
while so dilated that its misplacement is obscured by the physical signs

afforded by it. The normal stomach should not extend below an inch
above the umbilicus when distended, or, at most, below the umbilicus

;

above, it should yield evidence by its resonant note of its lesser curvature
being opposed to the left lobe of the liver ; the fundus corresponding to the
level of the sixth or seventh costal cartilage. No stomach can be ptosed
if the fundus reaches as high as this.

Statistics.—Glenard diagnosed the presence of some degree of enteroptosis in
404 out of 1310 patients examined for dyspeptic troubles, or a proportion of 30"8

per cent. Of the 404, 306 were females. Einhorn gives the following figures :

—

Patients Examined.

Males
Females
Both sexes .

Percentage with Enteroptosis.

6-2

34-8

17*6

Huber found displacements of abdominal organs at 90 per cent of 50 female
patients observed. Examination of the position of the stomach in 100 men, and
the same number of both women and children, by Kiittner and Dyer, afforded
evidence of the presence of gastroptosis in 39 adult females, in 3 girls, and in
only 4 males. Ten of the females were nullipara?, 12 had borne one, and 17 more
than one child. Hertz could only satisfy himself that in 5 out of 50 women ex-
amined the abdominal organs were in normal position, while Kellogg among 250
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female patients in a lock ward, detected prolapse of the stomach and bowel in

232, or 92'8 per cent. Meinert examined 29 girls before puberty, and recognised
the symptoms of gastroptosis in 28. Eccles, out of 468 dyspeptics personally ex-

amined, found 27 only with simple gastroptosis—8 in males (set. 32-61), 19 in

females (tet. 9-45).

Habel's figures as to the frequency of floating kidney in patients suffering from
various diseases are interesting in this connection. Among 68 cases of locomotor
ataxia—44 males, 24 females—he detected a movable kidney in 6, all females, or

25 per cent of their number. Of 5393 female patients examined, 53 presented
signs of this lesion, or about 1 per cent, while of 16,518 males, in only 8 could such
a diagnosis be established, or 0"048 per cent ; the totals yielding 21,911 patients

and 61 examples of the lesion, or 0*27 per cent. Habel's figures contrast markedly
with those of Glenard and Einhorn, even although they include other than dys-

peptic cases ; and also with Hertz's and Huber's more analogous series. The
interpretation of enteroptosis by the first two observers implies the presence of

movable kidney in their positive cases, and in the cases of the other two, the per-

centage arrived at for displacements generally implies a considerable proportion
of renal dislocations.

Symptoms.—Objective.—Mathieu describes two forms of enteroptosis;

the first, or " enteroptosis from outward" causes, showing characteristic altera-

tions in the external shape of the anterior abdominal wall; the second,
" enteroptosis from inside," exhibiting no visible signs. The objective symp-
toms in the first form consist in flattening of the abdominal wall over the

higher portion, with prominence of the lower. In thin subjects, if the

stomach be full of food or gas, its entire outline may be visible, the curve of

the lesser curvature showing below the xiphi-sternum, sometimes even

reaching midway between this point and the umbilicus. The alternate

inflation of the stomach and bowel with air, as Ewald recommends, usually

demonstrates clearly the existence of this condition. Percussion over

Traube's semilunar area yields a dull note whether the stomach be full or

empty, while the lower margin of the liver can be seen or felt below its

normal level, and the pancreas in some cases recognised as a transverse

cord, a cord mistaken by Glenard for the transverse colon, an error, that is,

according to Ewald. Splashing sounds can be elicited by more or less

forcible percussion below the normal limit, and may be difficult to produce,

or be absent, in the epigastric region. The gastric and intestinal movements
induced by the action of the diaphragm are less closely associated with it

than in health. In cases of pronounced gastroptosis the stomach invariably

is deflected towards the left in addition to its downward displacement.

Eorcible percussion of the abdominal wall over a displaced stomach
within three or four hours of a meal produces splashing sounds at or below

the level of the umbilicus, varying with the extent of the ptosis, and if

inducible at a later period after the last meal, suggests dilatation as well as

change of position.

Auscultation over the anterior abdominal walls while the patient

drinks some water may afford evidence of the altered position of the

stomach.

No correspondence can be traced between the chemical factors found

on analysis of the gastric contents and enteroptosis. The contents vary, as

in all nervous examples of dyspepsia; in one free hydrochloric acid is

absent, in another normal, in a third excessive. Huber found in twenty-

eight cases of floating kidney in females accompanied by symptoms of

dyspepsia, and closely akin to those of enteroptosis, the absence of this acid

in a free state in seven (25 per cent), normal in eleven (39*4 per cent),

excessive in ten (35
-

6 per cent).

Huber describes the symptoms as closely resembling those of nervous

dyspepsia, epigastric pain, more or less dependent upon food, heartburn,
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eructations, capricious appetite, constipation, headache, and insomnia. His
cases were chiefly diagnosed as movable kidney, but his description applies

also to enteroptosis.

It must be borne in mind that the displaced stomach and colon may
also be the subjects of various degrees of dilatation,—conditions, indeed,

which probably have had something to do with the causation of the altered

intra-abdominal arrangement of organs.

Diagnosis.—The diagnosis of the conditions which go to make up the

various forms of enteroptosis is easily arrived at, once the nature of the

disorder has been grasped and is borne in mind. The commonly pendulous
belly, absence of resonance in Traube's area, a stomach note below the level

of health, associated with digestive troubles, and, it may often be, with
neurasthenic manifestations, absence of the right kidney from its appointed

place, lowered level of liver dulness, all conspicuously aid the physician.

In doubtful cases the use of Einhorn's gastro-diaphanoscope may give one
absolute proof ; or the determination of the outline of the stomach by per-

cussion alone, auscultatory percussion, or succussion with auscultation both
in the erect position and after the patient has been placed in a recumbent
posture, with his feet and pelvis raised and his head and shoulders

lowered. Introduction of water in quantity into the stomach or into the

colon per rectum is of greater service in diagnosis than the inflation of

these organs with gas, because the weight of the fluid introduced, the

patient meanwhile maintaining an erect position, tends to increase the

downward displacement, while inflation with gas is rather apt to

cause expansion laterally and upwards, and thus to obscure more than help
elucidation.

Enteroptosis and gastroptosis are so intimately related to displacements
of other abdominal viscera, and, in turn, symptoms of derangement of the

stomach and bowel associated with obviously neurotic signs are so often the
accompaniments of visceral errors in position, that a thorough physical

examination of the abdomen and its integral parts should never be omitted
in any case presenting symptoms approaching these characteristics. It

should be borne in mind that displaced organs may sometimes be detectable,

which are by no means guilty of symptoms present and generally associated

with them, for displacement does not invariably cause distress; and
dilatation and paralysis of the sigmoid flexure, or of parts of the colon,

with localised stases of the intestinal contents, may produce very similar

results.

Prognosis.—The prognosis depends almost entirely upon the patient

himself. If he consent to undergo a somewhat exasperating course of

treatment in a proper spirit, observe the rules as to diet and habits laid

down for him during a greater or less length of time (varying in each case),

and be made to understand the precautions he must always take in the

future against recurrence of the lesion, there is a great chance that he may
recover from the symptoms and remain free from them. The condition is

not exactly curable, but can be removed, and its recurrence completely
guarded against, if the patient do what is asked of him.

Treatment.—The treatment of enteroptosis can merely be rational. The
displaced organs must as far as possible be supported from without ; best

done through the application of a belt round the abdomen in such a way
that the pressure exerted is greater below than above. The nature of the

material used depends on the subjects treated ; some find one kind irri-

tating, some are rendered uncomfortable by others. The material used is

immaterial, provided it be not of india-rubber (for this soon loses its
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elasticity), if it suffices to maintain the requisite pressure without incon-

venience. Massage of the abdomen, fractional dieting, rest in a recumbent
posture, or with the legs and pelvis raised, as Eccles has shown, and
irrigation of the rectum and sigmoid, are all measures which may prove

efficacious.

Gunzburg has recommended the administration of fresh yeast equal

to either a pea or a bean in size, thrice daily, so as to generate gas

in the stomach, innate that organ, thereby fixing its position, and, by
its increase in size, helping to support the other viscera, until what time

they have acquired a lessened proclivity towards change of position. This

method of treatment is not applicable if the stomach be dilated as well as

ptosed.

Symons Eccles has found the use of apparatus designed to keep the

patient at rest in an inclined position, with the head low, the feet high, of

service.

Surgical Treatment.—Stengel and Beyea have obtained good results by
so suturing the gastro-hepatic omental attachments and the gastro-phrenic

ligament that they were shortened.
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The terms organised ferments or fermenting organisms were formerly

held essentially to denote the lower living fungi or bacteria, the
unorganised ferments or enzymes being those substances secreted by
animal and vegetable cells which can split up molecules by means
which are not dependent on the life of the cells. It is probably advisable,

however, now to discard our notions of the organised ferments, and
simply to regard the ferments (the unorganised ferments of former
writers) as identical with the enzymes. The splitting power of the
organised ferments or micro-organisms is supposed to be essentially due to

zymolysis, but such enzymes are certainly not excreted by all micro-

organisms. In such cases the fermentative processes are probably carried

on inside the living cells, i.e. that there are so-called active " Endoferments,"
which as a rule do not appear outside the cells, but which can be abstracted

from them by means by certain processes involving the death of the cells.

The ferment is often contained in the cells merely in the form of a zymogen,
an antecedent body from which the true enzyme is formed under definite

conditions only.

So far as can be determined from those pure and yet active preparations

hitherto produced, the enzymes are proteids as regards their chemical nature.

The reactions of such preparations, if used in not unduly dilute solutions,

essentially correspond with those of the proteids.

Elementary analysis, too, supplies data which point to the fact that

enzymes belong to the proteid group ; for instance, pure pancreatic ferment

(52-75% C, 7-51% H., 16-55% K, 2319% O. and S., 1-77% ash). The
actual position of enzymes in the proteid group is still the subject of

discussion. Osborne, for example, regards diastase as a combination of

albumin and proteose, while Wroblewski holds the same enzyme to be a

substance closely related to albumose. Most of the enzymes can be pre-

cipitated by those substances commonly used to precipitate proteids (salts,

e.g. ammonium sulphate, alcohol), and they are soluble in water and
glycerine. Their activity is, however, impaired by all procedures which
involve precipitation and purification. To obtain them in a pure form
essentially the same processes are employed as in preparing proteids. From
solutions containing proteid it is not only the enzymes which are pre-

cipitated, but ordinary proteid bodies as well, to which the enzymes adhere
tenaciously. Enzymes are also carried down along with other inert

deposits which may be produced in solutions containing enzymes. Thus
Brticke employed precipitation by calcium phosphate for the production of

pure pepsin, and precipitates of cholestearin also carry enzymes down with
them. For further purification and separation, one can in the case of some

vol. in 18
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enzymes make use of their peculiarity in not diffusing through membranes.
On precipitation with alcohol, a more or less complete separation of enzymes
from the proteids will be obtained by coagulating the latter with the

alcohol ; after long-continued action of alcohol and on subsequent treatment

of the precipitate with water, the proteids are found to be almost insoluble,

whilst the enzymes are still soluble in water.

In regard to their action the enzymes may be termed labile proteids,

which apart from the cells are able in small quantities to induce chemical

changes in other substances, whereby there arise bodies of lesser calorie.

Such a change occurs without the enzyme itself forming any lasting

chemical combination either with the substance which is being broken
up or with the products of disintegration.

Thus in general there is no using up of the enzyme. Nevertheless a

certain deterioration of power occurs in almost every solution containing

enzymes, a dissociation of the enzyme, which is mainly to be referred to the

influence of the temperature or to the products of disintegration which
accumulate in the solution through the action of the enzyme.

The action of enzymes is in the majority of cases that of splitting up
highly complex organic compounds into simpler substances, water usually

entering the molecule in the process.

The so-called urea ferments, which convert urea into ammonium car-

bonate, furnish a typical example of this process

—

CO<^ + 2H2 =CO<°^

Such enzymes, therefore, may be said to act by hydration, a process which,

as is known, may also be induced by simple chemical or thermic action.

Thus fats, the higher carbohydrates, and true albumins, if they be heated

with steam under pressure in an autoclave, may be converted into simpler

compounds by hydration ; the fats are broken up into glycerine and free

fatty acids ; starch is converted into grape sugar, albumins are broken up
into albumoses, peptones, and amido-acids. In the case of many substances

of this nature mere treatment with boiling water suffices to effect hydration,

and especially if free acid or alkali be added. For example, the inversion of

cane sugar, i.e. the splitting up into dextrose and levulose, is easily effected

if the watery solution be boiled after the addition of an acid.

That the ferments act by hydration is proved not merely from the

products of disintegration, but also from the interesting fact shown by
Nasse that on the addition of diastase to a solution of starch, the electrical

conductivity of the fluid increases. From this one can deduce a formation

by the ferment of ions, and consequently of dissociated molecules of water.

But the specific nature of fermentation in contradistinction, for example, to

the general hydrating effect of compressed steam, lies in the fact that the

enzymes are able to split up only certain substrata. This fact has just

lately been made the subject of more detailed investigation. E. Fischer, for

example, has caused emulsin to act on the natural glucosides as well as on

a number of artificial glucosides. Emulsin splits up those natural, and in

part also those artificial, glucosides which belong to the (3 series, but not

those of the a series. According to Fischer this elective power is to be

explained by the asymmetrical construction of the enzyme molecule : if the

action is to occur there must be between the enzyme and its substratum a

definite relationship in the geometrical construction of the molecule.

" They must fit one another like lock and key."
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This specific power of action manifests the close relationship of enzymes

to protoplasm, for we know that cells in their action also show the same

selective affinity for definite nutritive substances.

Almost all the substances which are capable of being split up by

enzymes (German " Fermentsubstrate ") are of an esterlike nature, e.g. the

fats. The proteids, too, seem to possess an esterlike grouping, at all events

the ferments seem to act upon a similar esterlike group. It can also,

in a certain sense, be termed a " saponifying " action. Nevertheless, it is

difficult with our present knowledge to include all the actions of enzymes

under the notion of hydration or saponification, and it is especially the

so-called coagulating ferments which appear to prove obstacles in this

direction. The action of rennin, for example, cannot be entirely explained

by hydration. A process is accomplished by it which seems to be

directly opposed to the other fermentations, in which, speaking generally,

bodies which are but little soluble are transformed by enzymes into more

soluble substances: what occurs here is that a substance in a state of

solution, or at all events a swollen condition, becomes coagulated. Never-

theless one must bear in mind that rennin, at the same time (see below),

separates a soluble compound from the casein, and that it is only the

presence of lime which produces the coagulation, i.e. the separation of an

insoluble compound of lime. Alexander Schmidt has already shown that

in the coagulation of blood there occurs a synthesis of water with the

proteids ; and thus this process, which is seemingly at variance with the

other fermentations, may also be ascribed to a process of hydration.

Lately, however, attention has been directed to a series of enzyme
actions, which we have still greater difficulty in regarding as processes of

hydration. We have here, however, to deal with processes which are not

induced by pure ferments, but by vegetable and animal juices.

It may be assumed with certainty that we are here dealing with

enzymes, even if, owing to their unstable condition, they are difficult to

prepare in a pure form. We must assume that these enzymes are in still

closer relationship to protoplasma than are those hitherto known. In this

group there are the monosaccharide-splitting enzymes (zymase) and certain

oxidations and reductions induced by vegetable and animal juices.

The effects of enzymes have also been termed katalytic, for they have

been compared to certain chemical bodies, in the presence of which higher

compounds become broken up into lower ones without the so-called

katalytic substances suffering thereby any observable alteration. Thus
nitrogen chloride is split up with explosion of its elements on contact with

phosphorus and arsenic, which, therefore, in this case represent the

katalytic substances. It is supposed that katalytic processes are concerned

with the transmission of molecular movement, and Naegeli has similarly

attempted to explain enzyme action. Opposed to this view is the fact that

there is no hydration on the splitting up of nitrogen chloride, for example,

and that in so far the simile does not correspond to most of the enzyme
actions. Nor can the power which all ferments share in common, viz. of

breaking up hydrogen peroxide into water and oxygen, be brought forward
as a proof that zymolysis is a katalytic process.

The decomposition of hydrogen peroxide on contact with gold, silver,

and manganese is certainly a typically katalytic process, but here again

there is no hydration. Further, pancreatic juice, for instance, on being

heated to 60° C, may be deprived of its power to split up hydrogen
peroxide, whilst its diastatic activity is maintained.

A better analogy to enzyme action is found in the so-called contact
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effect, as is seen, for example, in the favourable influence which the

presence of a trace of iodine exerts on the chlorination of toluol.

Since enzymes break up those bodies with large labile molecules into

others with smaller and stable molecules, it follows that heat must be set

free in every fermentative process. This elevation of temperature is,

according to Duclaux, of essential importance. He compares the ferment
to the match which sets a pile of wood on fire.

Ferment action is dependent on certain external factors. First, one
should remember the sentence, " Corpora non agunt, nisi soluta." Then
the enzymes are active only when in solution, but not when in a dry
condition; they are not destroyed by drying, but they require sufficient

quantities of water for their action. If the solution contains, in addition

to the enzymes, other substances in strongly concentrated form which have
an affinity for water, the action of the enzymes will be thereby impeded,
or possibly entirely prevented. Thus the presence in large amount of

glycerine or of neutral salts acts as a hindrance. To the same cause, too,

may in many cases be ascribed the fact that the enzymes have their

activity reduced by the accumulation of their own metabolic products.

Those forms of sugar which are produced by the inverting ferments, and
peptone, which is formed by the proteolytic ferments, are bodies which
have a strong affinity for water.

The temperature is another factor of great importance in zymolysis.

The activity of solutions containing enzymes is, without exception, de-

stroyed at the temperature of boiling water. This is another fact in

favour of the proteid nature of enzymes. In this connection we have
probably to deal with a coagulation of the enzymes. But the temperature
which really "kills" enzymes is usually below 100° C, thus resembling
that at which albuminous solutions coagulate. Destruction of almost all

ferment solutions occurs on heating to 70°, but if other soluble bodies, e.g.

sugar, be present, a higher temperature may sometimes be required. A
great number of fermentations will even be destroyed if the solutions be
kept at a temperature of 55° C. for half an hour. The temperature at

which enzymes manifest the greatest activity (optimum temperature) is

very variable. For most of the ferments of warm-blooded creatures it lies

about 37° to 40°, especially for the peptonising enzyme. The diastatic

ferments have generally their optimum temperature about 55°. It seems
that the temperature necessary to " kill " depends on the optimum tempera-
ture, i.e. the higher the optimum temperature, the higher also the

temperature required to " kill." Speaking generally, a gradually increasing

destruction of the ferment commences whenever the optimum temperature is

once exceeded. At - 10° C. the activity of most ferment solutions ceases,

but is not altogether destroyed by such temperatures. Even the cooling of

a solution down to - 100° C. does not destroy enzymes (Hahn). If the

frozen solutions are again placed at a temperature of + 15° C. the enzyme
action reappears. If in an absolutely dry condition ferments can be
heated to very high temperatures (120°-160° C.) without showing any
essential reduction in their efficacy when they are subsequently redissolved.

Proteids, as is well known, behave in a similar manner : they, too, suffer

no loss in regard to solubility and power of coagulation from heating when
in a dry condition.

While the fermenting organisms, excepting those which belong to the

class of anaerobes, are for the most part unable to hive in the entire absence

of oxygen, and therefore incapable of setting up fermentation, the enzymes
or unorganised ferments are independent of oxygen ; they even act when in
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an atmosphere of pure hydrogen or of carbonic acid in the same manner

as in the presence of air or pure oxygen. On the contrary, it seems that

they are easily oxidised, and free access of air is consequently somewhat

prejudicial to the efficacy.

A similar difference between the organised and unorganised ferments

is manifested in their behaviour towards disinfectants. The enzymes are, in

fact, more resistant than are the fermenting organisms. iEther, chloroform,

benzol, toluol, and terpentine oil, in short all those antiseptics which act in

the form of vapour, have almost no influence on enzymes. Sodium

fluoride, hydrogen dioxide, and hydrocyanic acid, too, do not destroy enzymes.

But, on tne other hand, those antiseptics which coagulate albumin, such as

corrosive sublimate, carbolic acid, and salicylic acid, and the fact points to

the albuminous nature of the enzymes, have more influence on the un-

organised ferments, but even then only if in greater concentration than

would, for instance, be necessary to kill anthrax spores.

The behaviour of enzymes towards alkalies and acids is very variable.

Whilst strong alkalies and acids destroy the activity of the enzymes, they

often, if less concentrated, favour zymolysis.

It is more especially the activity of the hydrolytic ferments which is so

dependent on the presence of weak alkalies or acids. The same phenomenon
occurs in those hydrolytic processes which are effected without any

fermentation. In such cases, e.g. the hydrolytic action of boiling water on

starch, the process is materially aided by the addition of some acid.

Fermentation is often intimately related to the presence of acids or alkalies.

Pepsin, for example, acts only in an acid solution, trypsin only in an

alkaline one, and thus the requisite reaction may be usefully employed in

forming a classification of the ferments. The kind of acid used is of im-

portance. The hydrochloric acid which is so useful for peptonisation cannot

be displaced by an equivalent molecular quantity of acetic acid without a

diminution of the fermentation resulting; hence one must in this case

assume that the intermediate products which are formed, e.g. a combination

of hydrochloric acid and albumin, are more susceptible to a further splitting

up by means of the ferment.

I. Hydkolysing Enzymes

1. Enzymes which split up Carbohydrates

{a) Diastatic Enzymes.—By the term diastatic enzymes we mean those

enzymes which are able to convert starch and allied bodies into fermentable

sugar. These enzymes have a widespread distribution throughout the

whole of the vegetable and animal kingdoms. They are of great importance

for the nutrition of the vegetable and animal organisms, for they dissolve

out from the reservoirs of reserve material the various forms of starch and

convert them into the combustible forms of sugar.

The most important of the diastatic ferments is the diastatic ferment

of barley malt, which is employed in brewing. Even while the barley is

germinating a portion of the starch is being converted into maltose and

dextrin by the activity of the ferment. The ferment is not killed by _ the

drying process, but it is only on the introduction of the ground malt into

warm water that the diastatic action commences properly on the grain.

The conversion of starch into dextrin continues until the ferment is killed

on boiling the grain. Many people assume that barley really contains two

enzymes, one which forms maltose from starch (maltase), and another
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which turns starch into dextrin (dextrinase). According to Beyerinck,

dextrinase is not preformed in barley, but is artificially produced on drying

the malt from an antecedent granulase, by this granulase losing its power
of forming maltase, but retaining that of producing dextrin. The diastatic

activity of malt is greatest at 54°-63° 0. It rapidly diminishes on raising

the temperature higher, and is entirely lost at a temperature above 75° C.

Below 60° C. more maltose is formed, above 60° C. more dextrin. A faintly

acid reaction of the fluid favours the activity of the malt diastase. Osborne

and Wroblewski have lately succeeded in preparing diastase in a relatively

pure condition. In particular it has been separated from a carbohydrate

and its proteid nature confirmed. (According to W. it resembles

an albumose.)

Closely resembling malt diastase, which was observed by Dubrunfaut
in 1823, are other diastatic ferments which are widely distributed

throughout the vegetable kingdom. They have been found in leaves, in

seeds, and in the tubercles on the roots of many plants. Similar diastatic

ferments are also formed and excreted by the lower fungi, and it is more
especially the moulds (Aspergillus niger, Aspergillus oryzse, Penicillium

glaucum) which elaborate such ferments. The ferment of Aspergillus

oryzse is an article of commerce known as takadiastase, and it is also

employed as a therapeutic agent. Further, not only the torulse but also

some forms of bacteria contain diastatic enzymes, e.g. bacillus ortho-

butylicus, granulobacter butylicum, and saccharobutylicum, the cholera,

" potato," and lactic acid bacilli. Some of these diastatic ferments have

been termed " glucases " because they convert starch and maltose into

d-glucose. It is especially the diastatic ferment of maize malt, and of

some torulse which should be reckoned as glucases, because the diastatic

action does not cease on the production of maltose, but continues, thus

converting maltose into glucose. Green has shown that in the tubercles on

the roots of some plants there exists a diastatic enzyme which converts

inulin into levulose, and Bourgelot has proved that both Aspergillus niger

and Penicillium glaucum contain " inulases."

Ferments which hydrolyse starch are also widely distributed throughout

the animal kingdom. Let us, firstly, deal with the ptyalin of the saliva.

The diastatic action of saliva was first observed by Leuchs in 1831.

It has been supposed to proceed from the microbes of the mouth, and

not from a product of glandular secretion. Yet the great activity of saliva

which contains no organic elements does not warrant that assumption.

On the other hand, it may be considered as definitely proved that ptyalin is

not contained in the glandular cells as such, but as zymogen, from which

latter substance ptyalin is only formed during the act of secretion. The
saliva of the herbivora has the most powerful diastatic activity, that of the

pure carnivora is inert. In the human subject the saliva, both from the

parotid and from the submaxillary gland, has diastatic action, likewise the

general saliva. According to Grutzner ptyalin is not present in the sub-

maxillary saliva of the pig or the rabbit. Ptyalin can be isolated in a

relatively pure condition by the usual methods (precipitation by alcohol,

extraction with glycerine, precipitation by calcium phosphate). The activity

of ptyalin is greatest if the reaction be quite feebly alkaline, neutral, or just

faintly acid. Hydrochloric acid is deleterious even in the strength of

O-075-O'l per cent ; similarly with other acids. But the simultaneous pre-

sence of albumin and peptones decreases the injurious action of the acid, hence

there is a possibility, which cannot be excluded, that ptyalin, in certain cir-

cumstances, may even manifest its activity in the stomach. The optimum
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temperature for the action of ptyalin is from 38° to 41° (Paschutin). In a

dilute solution its activity is destroyed at 65°-67° C. Ptyalin, after a short

period of action on starch, forms maltose and dextrin ; after a longer period

dextrose is also formed from the maltose. Milk sugar undergoes no change

by the saliva, but glycogen does. Boiled starch is much more readily con-

verted into sugar than is unboiled starch.

The saliva of individuals who are suffering from mercurialism contains

but little ptyalin (Claude Bernard).

Very closely related to ptyalin are other diastatic enzymes which have

been found to possess an extensive distribution throughout the animal

organisms. They have recently been more closely studied by E. Fischer and
Niebel. In the blood serum of mammals, birds, fishes, amphibia, and reptiles

there is a diastatic ferment which converts starch, glycogen, and maltose

into d-glucose. Milk sugar and cane sugar are not affected by this ferment.

A diastatic enzyme could also be detected in watery extracts of the pancre-

atic juice, the thyroid gland, the testicles, and the mucous membrane of the

stomach and small intestine.

In this instance, too, starch, glycogen, and maltose were hydrolysed. The
diastatic ferment of the pancreas which we have now to consider is that

which has been longest known, but as yet it has not been sufficiently separ-

ated from the other ferments of the pancreatic juice. The optimum tem-
perature lies about 38°-41°, the temperature at which the enzyme is destroyed

being 65°-70°. It is of practical importance to know that the enzyme is

destroyed by the stronger acids and alkalies, that most of the salts, with the

exception of Glauber's salt and sulphate of magnesia, tend to promote its

action, and that quinine, morphine, and strychnine have no effect on it.

The diastatic ferment of the pancreas is probably, like all the other pan-

creatic enzymes, contained in the gland merely in the form of a sparingly

soluble zymogen, and that from this substance the enzyme is formed (in the

presence of air, for example).

The diastatic function of the liver is also of great physiological sig-

nificance. After what has been said in the introductory remarks with
regard to the bacterial cell, it appears to be quite immaterial whether this

diastatic function be due to the activity of the hepatic cells themselves or to

an enzyme which has been separated from them. "We have probably to deal

here with an " endoferment," namely, an enzyme which during life is active

inside the hepatic cells only, but which is set free after their death. The
diastatic ferment of the liver is concerned with the conversion of glycogen

into grape sugar ; hence in the life of the animal it plays exactly the same
parts as do the diastatic ferments in the vegetable kingdom in regard to the

starches collected in the store-houses of reserve material.

(&) Inverting Enzymes.—The inverting ferments are those by means of

which cane sugar and other disaccharides are split up.

The one best known is invertin (invertase), which converts cane sugar

into d-glucose and d-fructose.

C12H22 11 + H2 = C6Hi206 + C6H12 6
(d-glucose) (d-fructose)

Invertin was first discovered by Dubrunfaut in 1847 in yeast, watery
extracts of which also contain invertin. Hence the enzyme is soluble in

water and separable from the cells. On precipitation of a watery solution

with alcohol the enzyme is carried down along with the albuminous bodies

of the yeast ; by extraction with water it is dissolved from the alcoholic

precipitate, and separated from the albuminous bodies, which are now
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insoluble, and it can then, of course, be precipitated by alcohol from the

watery solution. By fractional precipitation with ammonium sulphate

(Wroblewski) a relatively pure preparation with 16*53 per cent N is also

obtained, which from its reactions is an albuminous body, which, however,
appears in nature in combination with a hitherto unknown carbohydrate.

The optimum temperature lies somewhere about 56° C, while the tempera-
ture which kills the enzyme is about 70°. Acids in small amount (-5^ to 1

per cent acetic acid) are favourable to its action ; acids in greater quantity,

as well as quite a slight excess of alkali, tend to inhibit its action. Some of

the salts (ammonium salts) aid, while others (potassium chloride) retard its

activity, and alcohol is injurious. The quantity of inverted cane sugar is

proportional to the amount of ferment present. Cane sugar up to 20 per

cent favours the inversion. Yeast invertin dialyses and also passes through
porcelain niters : it is therefore improbable that the inversion occurs in the

substance of the cell only, as is assumed by many authors, and that such an
excretion of invertin points to a degeneration of the yeast cells. At all

events the elaboration and excretion of the ferment seem to be connected
with the state of nutrition of the cells. Insufficient access of oxygen tends

to promote the giving off of invertin. All yeasts do not produce invertin,

yet the majority of the true yeasts and also the white and red yeasts appear

to do so. Invertin seems to occur also in the leaves and flowers of the

higher plants.

Inverting ferments have, moreover, been found in a few forms of fungi

(Penicillium glaucum, Aspergillus niger), in B. megaterium, Proteus vul-

garis, B. of Kiel harbour, B. fluorescens liquefaciens, etc.

In addition to the ferments which split up cane sugar there are in the

vegetable kingdom, apart from the yeasts, other ferments which split up milk
sugar into d-galactose and d-glucose, melitriose into d-fructose and melibiose,

and melibiose into d-glucose and d-galactose.

In the animal kingdom the inverting ferments are likewise widely dis-

tributed. The splitting up of cane sugar in the intestinal canal of man,
the dog, and the rabbit, must be referred to the action of invertin. Indeed,

the extract of Brunner's and Lieberkuhn's glands is inactive. There is, more-
over, the possibility of the inverting ferment in the intestinal canal being
identical with the diastatic enzyme.

Milk sugar is in general not decomposed in the small intestine of man
and the animals ; hydrolysis of milk sugar has only been proved to occur in

the small intestine of newly-born children and of young calves, dogs, etc.

(c) Enzymes which split up Glucosides.—The glucosides (esterlike com-
binations of monosaccharides, such as d-glucose or 1-fructose, with bodies of

a phenol or of an aldehyde nature) are broken up by a number of enzymes.

According to E. Eischer the disaccharides which are split up by the inverting

enzymes are to be considered as glucosides of sugar, hence it is not to be

wondered at that other glucosides are also liable to be split up by ferments.

Thus the inverting ferments of Penicillium glaucum and Aspergillus niger

act upon amygdalin.

The best-known ferment of those which split up glucosides is emulsin,

which was discovered by Liebig and Wohler. By hydration it splits up
amygdalin (obtained from bitter and sweet almonds by precipitation of a

watery extract with alcohol) into sugar, hydrocyanic acid, and oil of bitter

almonds.

There are other glucosides, such as salicin, chlorsalicin, helicin, arbutin,

phloridzin, sesculin, daphnin, and coniferin, which are decomposed by
emulsin. The optimum temperature appears to be from 20° to 30° C.
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Hydrochloric acid, even in a dilution of 0"135 per mille, abolishes its

activity.

Another glucoside-splitting ferment, myrosin, occurs in watery extracts

of white and black mustard seeds. It breaks up the myronate of potassium

—

myronic acid is a compound of a glucoside nature—contained in black

mustard seeds into mustard oil, sugar, potassium sulphate, and some free

sulphur.

2. Enzymes uhich dissolve Albumin

These ferments have also a wide distribution throughout the vegetable

and animal kingdoms, and are of great importance for metabolism. The

true colloidal albumin is hydrolysed by the action of this enzyme, and

then broken up into compounds which are capable of being absorbed and

are fit for nourishment. Various observations point to the fact that in

general almost all vegetable and animal cells are provided with some such

enzymes as split up albumin. One important difference in regard to

excretion must, however, be emphasised. There are but few forms of

cells, in proportion to the total, which excrete these enzymes; many
seem to give them off only if the death of the protoplasma occur in a

certain sudden fashion. The majority of cells contain merely a zymogen
which, in accordance with the constitution of the protoplasma, is converted

inside the cell into enzyme. The subsequent splitting up of albuminous

substances by this enzyme is usually an intra-cellular process too. In this

fashion one can probably explain why it is that after animal organs have

been minutely subdivided and digested with chloroform water peptic meta-

bolic products have been seen to appear, whereas mere traces of these bodies

exist in fresh organs, and especially in the liver (Salkowski). By pulverising

and crushing the cellular substance of yeast a ferment of marked activity

in splitting up albumin can be obtained, a ferment which is otherwise de-

tectable only in old cultures by liquefaction of the gelatine (Hahn and
Geret). A few other schizomycetes, such as typhoid and tubercle bacilli,

have also, after similar treatment, yielded enzymes, the existence of which

was formerly unknown. While there seem to be numerous intra-cellular

enzymes or " endotrypsins " (Hahn, Geret) which split up albumin, the

ferments as yet known which are secreted by cells, i.e. extra-cellular proteo-

lytic ferments, are considerably fewer in number. On reflection the state-

ment is explained by the fact that the proteolytic enzymes in contrast to the

inverting ones, so far as is known, dialyse with difficulty or else not at all, and
thus can only escape out through the cell wall under special circumstances.

The ferments which split up albumin may be regarded from two different

standpoints :

—

1. According to the form of digestive products which they produce.

—

Here again three types may be distinguished

—

(a) Ferments of the peptic

type, which yield only peptone and albumose as products of digestion;

(b) Ferments of the tryptic type, which produce albumose and peptone, but
also amido acids and hexon bases as the products of splitting ;

(c) Those of

the type of " yeast endotrypsin," which form merely traces of albumose, no
peptone, but principally amido acids, and probably hexon bases. All of

these decompositions can only be accomplished by the entrance of water
into the albumin molecule.

2. The proteolytic ferments may also be classified according to the reaction

which favours their working or which renders their action possible.—Thus
we recognise

—

(a) Enzymes which split up albumin, but whose action occurs,

or at any rate is aided, only if the reaction be acid, e.g. pepsin and yeast
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endotrypsin
;

(b) Those which require an alkaline reaction, e.g. trypsin and
papayotin

;
(c) Those where the digestive process proceeds whether the re-

action be faintly acid, alkaline, or neutral, for instance the enzyme in the

juice of Ficus carica.

Pepsin.—For the formation, secretion, characteristics, mode of action,

and digestive products of this enzyme see the article " Digestion." It is

noteworthy that, while the optimum temperature for the pepsin of warm-
blooded animals is 37°, that for the pepsin of cold-blooded animals seems to

be 15°. Even though pepsin is destroyed to a slight extent during diges-

tion, yet there is in practical circumstances very seldom any real deficiency

of pepsin, but rather a want of acid. The presence of free hydrochloric acid

is the fundamental factor in peptonisation, which can almost always be

stimulated by the addition of fresh acid. Pepsin digests collagen, gelatine,

and elastin, as well as the true albuminous bodies, while keratin, nuclein,

and amyloid are not altered. Other ferments, such as emulsin and malt

diastase, are destroyed by a mixture of pepsin and hydrochloric acid. On
the addition of 0'l-0'2 per cent hydrochloric acid boiled albumin is more
easily digested than when not boiled. Pepsin may be prepared by the

methods already mentioned for obtaining ferments ; it can be got from the

acid watery or glycerine extract of the gastric mucous membrane by pre-

cipitation with alcohol and calcium phosphate or with cholestearin. Peptic

digestion is retarded or inhibited by salts, including metallic salts, if in con-

centrated form (e.g. 0*5-1 per cent sodium chloride), alcohol (20 per cent),

salicylic acid (0*1 per cent), chloral, bromine, iodine, phenol, chloroform, large

quantities of cane sugar (over 16 per cent), small quantities of sether, benzol,

sulphurous acid, oil of bitter almonds, morphin, strychnin, digitalin, veratrin,

and other alkaloids. Small quantities of glycerine and arsenious acid seem

to exert no influence, but quinine in small quantities is said to hasten peptic

digestion.

Trypsin.—The formation, secretion, characteristics, and mode of action

of this ferment are described in the article "Digestion." The optimum
temperature for the trypsin of warm-blooded creatures is from 37° to 40° C.

Complete destruction of the ferment in watery solution occurs at about

70° C. The main factor for the powerful action of the ferment is an alka-

line reaction. Soda seems to be most favourable in a strength of 0*2-0*5

per cent, but it may be increased up to 1*2 per cent. Acids, 0'1 per cent

hydrochloric acid, for instance, usually abolish the activity of trypsin.

Small amounts of salicylic acid (0*1 per cent) do not injure the enzyme.

Large quantities of neutral salts retard its action, bile and the salts of the

bile acids promote tryptic activity, while calomel does it little harm. In

the preparation of trypsin, which, according to Kuhne, consists of a coagu-

lable albumin and peptone, while Low holds it to be a body resembling pep-

tone, the principle of precipitation by alcohol is as a rule employed. As
the enzyme probably exists in the pancreas merely in the form of a zymogen,

it is advisable first to leave the finely-minced organ lying for one day ex-

posed to the air ; the zymogen is then transformed into enzyme, probably

by a post-mortem formation of acid.

Papain or Papayotin.—Papain occurs in the juice of Carica papaya,

which has long been used by the inhabitants of India to soften meat. The

leaves and the green fruits also contain the enzyme. Proteoses (deutero-

proteose and true peptone) and also amido acids are formed as digestive pro-

ducts by papain. Whether the digestive products are identical with those

formed by trypsin may be considered as extremely doubtful. Papain prob-

ably causes an actual process of splitting. Action occurs if the reaction be
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faintly acid, slightly alkaline, or neutral. The fermentative power in-

creases up to 60° C, but active digestion proceeds even at 21° C. Hydro-
cyanic acid boric acid, and phenol do not prevent the action of papain.

The enzyme has been prepared from the juice by precipitation with alcohol,

etc. From its reaction it, too, seems to be a proteid. It is highly probable

that some of the commercial invalid food preparations which have been
brought forward as peptones, albumoses, etc., are produced by papain.

There are other tryptic enzymes in the vegetable kingdom which are

closely related to papain. A peptonising enzyme, which with 0*2 per cent

hydrochloric acid has a powerful digestive action, has been obtained from

the juice of Ficus carica, as well as from dried figs. The germinating seeds

of many plants (Green) contain albumin-splitting enzymes, which, however,

do not appear to be excreted, but which are to be regarded as endoferments

in the above-mentioned sense of the word. They are of great importance for

the development of the plants, act in acid solution, and form albumoses,

peptone, leucin, and tyrosin. Similar to them are the proteolytic enzymes of

the schizomycetes (Penicillium) and of the insect-eating plants {e.g. the

enzyme of Nepenthes (Vines), which forms leucin and tyrosin in an acid solu-

tion. In this group, too, must be placed the endotrypsin of saccharomyces,

obtained from bruising and crushing the yeast cells, also appearing in old

cultures, which is distinguished from all other proteolytic ferments by
the fact that peptone and albumoses can hardly be detected among the de-

composition products, whilst leucin and tyrosin appear in great abundance.
This endotrypsin acts in acid solution.

The proteolytic enzymes of bacteria, which are apparent in cultures by
the liquefaction of gelatine, are distinguished from most of the other enzymes
found in the vegetable kingdom by being efficacious only in alkaline solu-

tion. They are rapidly destroyed by weak acids, particularly the inorganic

ones, and likewise by the heating of a watery solution over 70°. Gelatine,

especially when in liquid form, is more readily acted on by the bacterial

enzymes than are the true and solid proteids. Sunlight reduces the power of

this ferment, but carbolic acid and sublimate in weak solutions do not do so.

The elaboration of ferment continues only as long as the vegetative growth
of the bacteria lasts. The excretion of the ferment is not, however, dependent
on the growth of the bacteria. On the contrary, the view that ferment
escapes in abundance from old, dead, or degenerated cells must be regarded
as correct. Fermi, among others, has shown that all those bacterial forms
which liquefy gelatine contain such peptonising ferments— thus, cholera

vibrio, bacillus prodigiosus, pyocyaneus, the pyogenic staphylococci, and
anthrax bacilli. These bacterial forms secrete the enzyme even during the
life of the cells. But there are also other bacteria which do not liquefy

gelatine, yet which contain similar enzymes, which can be obtained from
the bodies of the bacteria by pulverisation and crushing (typhoid and
tubercle bacilli, Geret and Hahn). Hence there are endotrypsines here too,

as well as in saccharomyces. These proteolytic bacterial enzymes have
doubtless a definite relationship to the formation of toxine, and hence to

the production of disease ; but hitherto so little light has been thrown on
this relationship that further details thereof cannot at present lay claim to

any importance.

II. Enzymes which coagulate Albumin

The best known of these ferments is rennin (chymosin, cheese ferment).
This is more especially found in the calf's stomach, but is also found in the
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stomach of young mammals in general, existing as zymogen, which is easily

converted into the true rennin by acidulation. It also occurs in the gastric

juice of older mammals (including man), birds, and amphibia. The action of

rennin consists in coagulating the casein of milk. ' More accurate investiga-

tions have demonstrated that soluble calcium salts must always be present
if this process is to occur, and that, on the other hand, the presence of acids

is by no means requisite as was formerly thought. The precipitation of

milk by acids is a process quite distinct from its coagulation by rennin. In
the latter process (according to Hammarsten) the soluble compound of

caseinogen and lime contained in the milk is first split up into a soluble

compound of casein and lime and into whey -albumin which resembles

albumose. If there are, however, soluble lime salts present, the soluble

compound of casein and lime unites with them to form double salts

which are insoluble in fluids whose reaction approaches the neutral point.

As milk fulfils both these requisite conditions (soluble lime salts and a

neutral or amphoteric reaction) casein is consequently separated as a

firm insoluble coagulum. The removal of the soluble lime salts from the

milk by dialysis or by the addition of ammonium oxalate, abolishes the

power of rennin, therefore, in the same manner as does a high degree of

alkalinity of the milk. Feeble acidulation, on the contrary (introduction

of carbonic acid), is somewhat favourable, for more lime salts are thereby

rendered soluble
;
prolonged boiling and sterilisation, and also the diluting

of milk, tend to inhibit coagulation by rennin, because the relative amount
of insoluble lime salt is thereby diminished. For the production of power-

ful extracts dried calves' stomachs are extracted with dilute acids, water

solutions of common salt, or glycerine. Glycerine extracts retain their

power for long periods. The optimum temperature for calf's rennet is the

same as that of the body, but in the cheese-making industry lower

temperatures are employed (20°-25° C.) The temperature at which rennin is

killed is about 66°. The time required for coagulation is dependent on the

amount of rennin present.

Milk which has been in contact with rennet at the temperature of the

body for only a few seconds, is immediately coagulated by boiling, evidently

because boiling favours the formation of the insoluble compounds of casein

and lime. If, however, milk and rennet remain in contact for a longer

time at the body temperature it is considerably longer before the milk is

coagulated. The action of rennin is, however, generally speaking, one of

the most rapid forms of enzyme action.

The succus entericus, pancreatic juice, and urine, are also said to contain

a milk-curdling ferment.

These ferments have likewise been observed in the vegetable kingdom,

but their physiological significance is not^clearly understood. Thus a milk-

curdling ferment is contained in the sap of Ananassa sativa, of Carica

papaya, and of the fig-tree, in the flowers, too, of many of the Compositae

(artichokes, Carina acaulis), and also in Galium verum, and in some^kinds

of thistles. These vegetable milk-curdling ferments have also been employed

in cheese-making, and especially so in southern countries.

Fibrin Ferment.—This ferment, which produces the coagulation of blood,

seems to be widely distributed among the bodily cells. Extracts from red

and white blood corpuscles, and from animal and vegetable tissues, cause

coagulation of the plasma of horse's blood which is obtained by cooling

down to 0° and filtering, and which does not coagulate spontaneously.

These extracts likewise cause coagulation of blood in the living animal body

after intravenous injection
1

. The coagulation of blood which has left the
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arteries always seems, under the usual natural conditions, to occur by the

breaking down of white blood corpuscles, and the leucocytes are accordingly

regarded as being the main seat of the zymogen which is converted into

fibrin ferment on the destruction of the blood corpuscles. Fibrin ferment

is prepared by exposing defibrinated blood or serum to strong alcohol for

some months, and the coagulum is subsequently dried in the air and
extracted with a little water for half an hour. It is probably of the nature

of a globulin which loses its enzymatic action by being heated to 75°. The
coagulation of blood is, according to recent investigation, analogous to but

not identical with the coagulation of milk. Coagulation of the blood takes

place by means of an enzyme -fibrin ferment, which transforms soluble

fibrinogen into insoluble fibrin. The importance of soluble lime salts in

this action has been recognised for some time by scientists; but only

recently has it been definitely settled that these salts act upon the fore-

runner of fibrin ferment, transforming it into the active enzyme. They
play no part in the transformation of fibrinogen into fibrin, the latter con-

taining no more calcium than the former. The nuclei of the leucocytes,

according to Lilienfeld, contain a substance termed nucleohiston, which may
be split up into two components, one of which, termed leuconuclein, aids

coagulation, while the other is called histon and tends to inhibit coagulation.

Nucleic acid, which is a non-albuminous body, is also said to cause coagulation.

All processes which retard the breaking down of blood corpuscles also inhibit

the coagulation of blood. This occurs, for instance, if the blood be cooled

down, if it be passed into salt solutions or into vessels smeared with fat,

whereby contact of the blood corpuscles with the wall of the vessel is avoided.

Coagulation is also prevented by the addition to the blood of such substances

as diminish the amount of soluble calcium salts, e.g. solutions of oxalates.

The excretion of fibrin is, on the other hand, hastened by stirring the blood,

because the destruction of the corpuscles is thereby aided.

III. Fekments which split up Fats

Claude Bernard was the first to prove that there is an enzyme in the

pancreatic juice which splits up fats into free fatty acids and glycerine.

This process is of physiological importance, because,the fatty acids which are

set free unite with the alkali of the succus entericus to form soaps. Any
neutral fat still present becomes emulsified by these soaps, i.e. broken up
into minute globules, and thus rendered suitable for absorption through the

intestinal wall. This fat-spbitting enzyme acts in neutral, faintly acid or

alkaline solutions, but greater alkalinity is very favourable to its activity.

The activity of the enzyme increases up to 60°, but is destroyed by boiling.

The ferment is also found in the so-called " dried pancreas of Kuhne," and
can therefore be precipitated by alcohol.

Henriot has lately found in the serum of various species of animals, and
of the horse in particular, a fat-splitting enzyme. Only in non-essential

points does this enzyme differ from the steapsin of the pancreas, and the

physiological action of both seems to be identical (saponification).

Furthermore, fat-splitting enzymes were detected by Green and others in

certain vegetable seeds, especially if they were germinating, for instance in

fruit of Papaver somniferum and Cannabis sativa, in flax seeds, and in

maize. Similar enzymes have been found in Penicillium glaucum and
Aspergillus niger. They have not as yet been detected in bacteria, but

nevertheless the rancidness of fats is probably due to the action of some
such fat-splitting enzymes formed by bacteria.
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IV. Urinary Enzymes

Formerly it was generally supposed that the micrococcus urese alone

was able to convert urea into ammonium carbonate. Miquel has lately

shown that 60 different bacteria (cocci, bacilli, and sarcinae) which were
cultivated from the air, river water, and drainage, possess this power, and
he has proved that their action is due to enzymes which may be separated

from them. If the cultures be passed through porcelain filters in the

absence of oxygen—for the enzyme is very easily oxidised—fluids are

obtained which are almost completely sterile, yet which decompose urea.

The optimum temperature of urase is 55°. The gradual accumulation of

ammonium carbonate, occurring through the activity of the urase, is

injurious both to the growth of the bacteria and to the enzymes produced
by them.

V. MONOSACCHARIDE-SPLITTING ENZYMES

1. Zymase.—E. Buchner, aided by M. Hahn, was the" first to prove that

the fermentative action of torulse may proceed without living cells being

present, and consequently that the action is in all probability due to an

enzyme formed by these cells. The proof is afforded by the following

process which has been elaborated by M. Hahn. One kilogram of freshly-

crushed yeast is ground up with one kilogram of quartz sand and 200

grammes of silica, and the moist mass is subjected to hydraulic pressure

of 300 to 500 atmospheres. In this way one obtains an albuminous fluid

which passes through filters of paper or silica, which contains only a few

torulse, but which nevertheless produces marked fermentation. Since

the juice of the yeast or yeast plasmin also contains invertin, it is not

only grape sugar which is quantitatively converted into alcohol and car-

bonic acid, but also cane sugar, levulose, milk sugar, and less markedly

d-galactose and glycogen. Lactose and 1-arabinose are not fermented. The

addition of antiseptics (e.g. toluol or potassium arsenite) does not injure the

fermentation. Zymases can be precipitated by alcohol with consequent

loss of fermentative power. In a dry condition it withstands heating to

100°. It retains its fermentative power for months if dried in vacuo at 30°.

The optimum temperature lies between 30° and 37°, and the fermentative

activity of zymases ceases almost entirely at about 55°.

We are still uncertain as to whether zymase is excreted by the living

cells, or active merely as an endoferment inside the cells. At all events

torulse, which are first carefully and completely dried and then heated

to 120°-140° so that they are killed, produce fermentation, and therefore

contain zymase.

2. The Glycolytic Blood Ferment.—Fresh defibrinated blood, especially

that of the dog, is able to a limited extent to decompose grape sugar

into carbonic acid and water. The activity of the blood is very quickly

diminished on standing at the room-temperature, so that it is sometimes

completely abolished a few hours after it has left the arteries, but if kept

in an ice cupboard it is somewhat better maintained. The optimum tem-

perature is from 37° to 38°. The activity is destroyed on heating the blood

to 55°. As the blood serum is inert the fermentative activity must be

connected with the blood corpuscles, especially the red ones. Lupine sup-

poses that it is a ferment formed by the pancreas, and that the accumula-

tion of sugar in the blood and urine of diabetic persons is due to the

deficiency of this ferment. The glycolytic power of the blood is very
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sensitive to all interference, to the addition of antiseptics, etc., and con-

sequently many difficulties are thrown in our way in studying those

questions which deal with the origin and importance of this fermentation.

This action of the blood might also be regarded merely as an oxidation

process. (See below.)

VI. Oxidising and Eeducing Enzymes.

Very manifold oxidation processes have been observed to occur in the

blood and in animal organs, e.g. in a broth made from fresh liver which has

been washed free of blood, and these processes have been regarded by some
authors as due to enzyme action. In such broths, for instance, benzylalcohol is

converted into benzoic acid, salicylaldehyde into salicylic acid, certain chromo-

gens, such as paraphenylendiamin, into other colours, and hydrogen peroxide

is decomposed. The glycolytic action of the blood may also be regarded

as an oxidation. At present we are in doubt as to whether, in these in-

stances, we are really dealing with an oxidising ferment. The reducing

action, too, which animal organs have been observed to exert on methylene-

and alizarin-blue cannot be definitely classified as a fermentation. On the

other hand, the fact ascertained by Key-Pailhade that an extract of torulse

produces sulphuretted hydrogen from flowers of sulphur—an action also

possessed by the cell-free juice of torulae—is to be regarded more as the

action of a reducing enzyme. This enzyme is termed " phylothion."

There is no doubt that certain of the bacterial poisons—tetanus toxin,

for instance, which even in extremely small quantities acts with great power
in the animal body—are closely related to the ferments. The action, too, of

antitoxin, and of agglutinin, recalls that of the enzymes. The power
which the blood naturally possesses of destroying bacteria and globulins is

still more closely related to the fermentations. The normal fresh blood and
blood serum of animals and human beings has, as is well known, the power
to kill bacteria in considerable numbers, and similarly to dissolve the blood

corpuscles belonging to a different species of animal. Both these capabili-

ties of the normal blood and blood serum are abolished on heating to 55°.

The simplest explanation of these processes would be offered by the assump-

tion of a labile proteolytic enzyme occurring normally in the blood.

These points will be more fully considered in the article " Immunity."

LITERATURE.—For the earlier literature see article " Fermente" in Ladenburg's Hand-
worterbuch der Ghemie. Both the earlier and later literature are given in R. Neumeister's

Lehrbuch der physiologischen Chemie ; Bunge, Lehrbuch der physiologischen und pathologischen

Ghemie ; Fliigge, Die Micro-organismen, 3rd edition (Gottsehleich, Lebensledingungen der

Micro-organismen) ; and the section on " Enzymes and Ferments " in Maly's Jahresbericht fur
Tierchemie may also be consulted.

EphellS. See Skin—Pigmentary Affections.

Ephemeral Fever.—Definition.—The term ephemeral fever is

commonly applied to any febrile state not dependent on infection or

local affection, and of shorter duration than twenty-four hours. If such a

febrile state continues for a longer period, say for three or four days, the

term febricula is often used, but no real distinction can be drawn between

ephemeral fever and febricula.

Nature.—The term ephemeral fever is usually made to cover a consider-

able variety of conditions which differ greatly from each other in their

nature and origin, and which do not all strictly conform to the definition

given above. The most important of these are the following :

—
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(1) Abortive Infections.—During epidemics of any of the ordinary

infectious diseases one meets with cases of persons attacked with malaise

and often sharp fever, which subsides in the course of a day or two, often

by crisis, without the development of any rash or any other local symptoms.
Persons exposed to the infection of a disease from which they have already

suffered may be attacked in this way. The diagnosis in such cases is often

extremely uncertain, and recovery is so rapid that it is often a very difficult

question to decide whether or not the patient can be allowed to resume his

occupation without running the risk of carrying infection.

(2) Fever following Chill.—" Catching cold " is sometimes attended by
a very considerable febrile reaction in the entire absence of any local

affection, or with a sore throat or nasal catarrh much too mild to account

for the amount of fever. As the fever is attended by a considerable degree

of malaise, with loss of appetite and coating of the tongue, it is often set

down, without any sufficient reason, as due to gastric catarrh.

(3) Fever with Dyspepsia.—Dyspeptic attacks, especially in children,

may be attended by considerable fever. Fever may be due in some
instances to the absorption of toxic substances either present in the food

when eaten or arising in the course of digestion.

(4) Fever may result from prolonged and violent muscular exertion.

Such fever may be associated with great tenderness of the muscles and
petechial haemorrhages in the skin over the muscles affected.

(5) Fever following exposure to the sun.—Even in this country pro-

longed exposure to a hot sun may be followed by some febrile reaction.

This may be associated with erythema or even some blistering of the parts

of skin exposed to the sun.

(6) Fever may arise as the result of breathing foul odours or gases

from badly-ventilated sewers. Such fever may come on very rapidly, with

nausea and vomiting, and may in some cases be followed by collapse or

coma. The air in well-ventilated sewers appears to be innocuous.

(7) Tropical Ephemeral Fever.—New-comers to tropical climates are

liable to be attacked by an ephemeral fever characterised by sudden onset,

with considerable rise of temperature, malaise, dryness of the skin, and all

the ordinary accompaniments of fever, lasting from twenty-four to seventy-

two hours, and passing off frequently by crisis with copious sweating.

This form of fever, occurring during the process of acclimatisation, is

probably produced by the altered conditions of life, especially by defective

metabolism with retention of effete products, rather than the result of any

specific infection.

A similar fever may attack old residents and natives, and is then

frequently complicated with malaria.

(8) Fever due to unrecognised lesions. In young children and lunatics

especially it is often extremely difficult to make certain whether any lesion

is present which would account for fever.

Cases of fever of short duration may also be met with which cannot be

brought under any of the above headings. Such cases have been described

as occurring especially in elderly women, in women at the period of the

menopause, and in the subjects of enlarged prostate. Similar cases may be

met with in otherwise perfectly healthy adults. Probably most cases of

ephemeral fever must be regarded as belonging to one of the groups above

mentioned rather than as examples of a specific disease of no known etiology,

without symptoms except those of fever, and with no known pathology.

Symptoms.—The symptoms usually set in abruptly, sometimes with

some preliminary indisposition. The temperature usually ranges from 101°
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to 103°, but not infrequently it rises higher. There is usually loss of

appetite, the tongue is coated, and there may be uneasiness in the epigas-

trium. The skin is hot and dry. The urine is scanty and high-coloured.

There may be slight delirium at night, especially in the case of children.

Herpes on the lips is a common symptom, especially in cases following chill.

Such cases are sometimes spoken of as herpetic fever, though the herpes is

obviously only a symptom, and one which may not appear till the fever has

abated. The fever usually terminates by crisis, which may be accompanied
by copious sweating.

The diagnosis depends on the absence of any local cause of fever, of

symptoms of any of the specific fevers, and especially of the characteristic

eruptions, and upon the rapid subsidence of the fever.

Prognosis.—The prognosis is entirely favourable in healthy subjects.

It must be somewhat more guarded in the case of debilitated patients, and
especially of alcoholics. In alcoholic subjects especially danger may arise

from visceral complications.

Treatment.—The patient should be kept at rest in bed, clad lightly but

sufficiently, and protected from draughts. The room may be darkened.

The patient should be kept as quiet as possible.

A milk diet is suitable in most cases. Nourishment should be ad-

ministered at short intervals in small quantities at a time. If thirst is

present, fluids {e.g. barley water) may be allowed freely. A laxative should

be ordered at the onset, and a diaphoretic mixture during the course of the

fever. Tepid sponging of the face and the extremities, or sponging with
vinegar and water, or eau de Cologne and water, will often diminish rest-

lessness and favour sleep.

When the fever subsides, the patient should not be allowed to resume
his occupation too soon. In most cases tonics are desirable during

convalescence.

Epidemic Cercbro-spinal Meningitis. See Menin-
gitis.
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Introductory

Definitions, Endemicity, Sporadicity , Specificity, Receptivity.

The term epidemic was originally applied to a disease attacking a number
of persons at the same time or in close succession. Thus, Paulus iEgineta

says, "We call those diseases epidemic and common that attack many
persons together," and the word is often used in this sense at the present

vol. in 19
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day. Haeser in his History of Epidemic Diseases treats of ergotism and
scurvy as epidemic maladies. Ergotism, as we know, is an intoxication, and
scurvy a disease of malnutrition; yet, as both frequently affect large numbers
at the same time, they may properly enough be classed as diseases, iirl, upon,

(%ios, the people. Hecker, in the same way, includes the dancing mania

of the Middle Ages along with the Black Death among epidemic diseases,

because, although psychical in its nature, it spread by a sort of moral con-

tagion and became widely prevalent. In common life we speak of an

epidemy of suicide, of sunstroke, of lead colic, and so forth, meaning no

more than that these diseases are unusually common at a given time, and

without regard to their nature or causation.

Although this use of the word is etymologically correct and sanctioned

by the best authorities, we shall, in this article, make a distinction between

common and epidemic diseases—restricting the term epidemic to that group

of infective or micro-parasitic maladies which has the common property of

spreading from time to time in a community. This property of attacking

larger or smaller numbers of a population simultaneously or in succession

implies a common origin of the units constituting an epidemy. The indi-

vidual cases must be connected either by filiation, the one from the other,

or by derivation from a common source of infection. This definition

excludes intoxications, dietic and psychical diseases, as well as those arising

from physical agencies, such as heat or cold.

The distinction formerly recognised between pestilential and epidemic

diseases, founded on theoretical and obsolete views of their causation, has

now little more than historical interest. Some modern authorities, how-

ever, reserve the name of pestilences to plague, yellow fever, and cholera, on

account of their extension, from time to time, over large regions and the

terrible mortality to which they give rise when they become widely epi-

demic. Epidemiologically these three diseases present certain notable

peculiarities. They are each endemic in one or more centres from which

epidemic extensions take their start. They also exhibit in a high degree

those variations in spreading and killing power which, in a more or less

marked way, characterise all epidemic maladies. These peculiarities, and

others that could be mentioned, do not, however, require that plague,

cholera, and yellow fever should be placed in a separate class by themselves.

The relation between epidemic and endemic diseases requires a few

words of explanation. The fact that certain diseases are restricted to, or

specially prevalent in, particular localities must have been a matter of

common observation from the earliest times. The treatise of Hippocrates
" On Airs, Waters, and Places " is, in fact, a dissertation on what we should

now call endemic influences. A formal distinction, however, between en-

demic and epidemic diseases is not to be found in the works of the Greek,

Eoman, or Arabian physicians, but appears to have been made for the

first time by Galeazzo di Santa Sofia in his Liter de Febribus, published in

1514.

Strictly speaking, there is no natural class of endemic maladies.

Diseases, the most diverse in their characters, have their favourite or

exclusive haunts. Endemicity depends on one or other of the following

circumstances :

—

(a) The telluric or climatic conditions peculiar to a region

favour the saprophytic growth of a pathogenic microbe, as in the case of

cholera, which finds in Lower Bengal and some other places the conditions

which enable it to maintain a continuous existence, (b) Conditions peculiar

to a particular region or locality favour the life of some insect or other

animal which serves as the intermediate host of a pathogenic parasite, as
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in the instance of the mosquito in relation to malaria, or which acts as the

carrier of a disease, as in the case of the tsetse fly. (c) The habits of life

and social circumstances of a people in some cases account for a disease

clinging to a locality. Overcrowding, want of ventilation, the housing of

cattle along with man, and imperfect burial of the dead, are common to all

plague centres, (d) The presence or absence of other forms of animal or

vegetable life may determine the endemicity of a disease. Moulds, for

example, favour the growth of the yellow fever bacillus.

The division of diseases into epidemic and endemic, as if they formed
two mutually exclusive classes, comprehending between them all infective

maladies, is quite inadmissible. The same disease may be at once endemic
and epidemic. Cholera, as we have just said, is endemic in Lower Bengal,

but at intervals it becomes so prevalent there as to assume the character of

an epidemy, and from this endemic centre it spreads over continents.

Malaria is endemic in more or less defined regions, but in certain seasons it

becomes epidemic in its endemic haunts, and extends far beyond its usual

limits. The converse of epidemic is not endemic but sporadic (<nropd8iKos,

scattered).

An epidemic disease often occurs sporadically in inter-epidemic periods.

This results from an attenuation of the virus which permits its infect-

ing only a few specially susceptible individuals, from a want of facilities

for diffusion, or from a temporary insusceptibility on the part of the

population. Whether an infective disease be sporadic or epidemic will

depend on two factors : (a) the resistance of the virus, that is, its capacity

of retaining its vitality outside the 'body
;

(b) the facilities which the con-

tagium has for effecting an entrance into susceptible subjects. It is the

latter factor that is of the greatest importance in this connection.

Gonorrhoea is an infective disease, the virus of which is reproduced in great

abundance and for a considerable time ; but the gonococcus rapidly loses

its infective properties outside the body, and the infection being only com-
municable by the direct application of the virus to certain mucous surfaces,

which in ordinary conditions are not exposed to the contagion, it is impos-
sible that the disease should occur otherwise than sporadically. The virus

of measles, on the other hand, although by no means resistant, being readily

communicable by simple proximity to the sick, has the opportunity of

becoming rapidly diffused through a community.
It follows that if a sporadic infective disease should undergo a change

in its mode of communication it may assume epidemic characters. Such a
change took place in the case of syphilis in the end of the fifteenth century.

The contagium, from being localised and communicable by sexual inter-

course only, became generalised in multiform eruptions on the skin and
mucous membranes, known as the " pockes," by which it was communicated in

the ordinary intercourse of social and family life, and hence became rapidly
diffused over Europe. As soon as the disease resumed its old type, it lost

its epidemic characters. The difference between a sporadic and epidemic
disease is, thus, not in the nature of the virus, but in the mode in which
it is propagated.

We have omitted from our definition of an epidemic disease the property
of specificity, which is, in a sense, implied in the fact that it is caused by
a contagium vivum. If we use the term, the meaning we put into it must
be wide enough to cover the following facts :

—

(a) Microbes presenting
marked morphological and biological differences give rise to the same
disease. The vibrios of cholera differ so much from one another that they
are supposed by some to belong to different species.
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(&) A complex of microbes may be concerned in producing the lesions

of a disease. In most cases one microbe can be clearly identified as

specific; the others, so to speak, form its retinue. The presence of the

specific microbe determines the appearance of the others. It has been

proved that the products of the cultivation of the bacillus of yellow fever

promote the growth of the coli bacillus, the staphylococcus aureus, the proteus

vulgaris, and the streptococci. This explains the frequent presence of

these organisms in yellow fever, in many cases of which the specific bacillus

is crowded out by these intruders. In non-amoebic dysentery a variety of

organisms are always present, and it is impossible at present to say if any

one of them, to the exclusion of the others, is concerned in originating the

dysenteric process. Whether this form of dysentery is strictly specific, in

the sense of being always due to one organism, is uncertain, but that it

often assumes epidemic characters is abundantly evident.

(c) A great variety of symptoms and lesions may be produced by the

specific microbe itself apart from the existence of a mixed infection, such as

we meet with in yellow fever. Simple variation in virulence does not, as a

rule, materially affect the nature of the lesions, but the port of entrance of

a microbe has a remarkable influence on the gravity of the symptoms, and

even on the lesions of a disease. We know how the manifestations of

plague differ according as infection takes place by the skin, the respiratory

passages, or the alimentary canal. Inoculated small-pox is a mild disease

compared with that contracted in the ordinary way. If we were to go out

of the field of strictly epidemic diseases, we should find a remarkable illus-

tration of the influence of the port of entrance on the character of a disease

by comparing the symptoms and lesions of cutaneous and pulmonary anthrax.

To sum up, we may say that, with a few doubtful exceptions, all epidemic

'

diseases are specific, and the symptoms and lesions produced by the patho-

genic organism are the same under the same conditions. The marked

differences in these respects observed in certain diseases depend either on

the virus effecting its entrance by different ports, or on the association of

other organisms causing a mixed infection.

The presence of the specific organism of an epidemic disease is not

sufficient to determine an epidemy. For this, among other things, a

susceptibility or receptivity on the part of a community is essential.

Susceptibility to all infections is increased by conditions which lower the

resistance of the system generally, or that of the surface through which

infection takes place. Insufficient nourishment, muscular exhaustion,

mental fatigue, exposure to cold or excessive heat, and vicissitudes of

temperature all predispose the body to infection, although one set of condi-

tions does not predispose to all diseases indifferently. The experiments

which establish the influence of these agents in rendering the body amen-

able to particular contagia are too well known to require that they should

be mentioned here. But the vast importance of predisposition as deter-

mining whether infection shall, or shall not, follow exposure to the specific

cause is not sufficiently recognised. A few illustrations of the effect of

predisposition in determining the epidemic spread of disease must

suffice.

The germ or germs of dysentery are ubiquitous. It is sufficient to

subject a body of men for a time to exhaustion, want, alternations of heat

and cold to ensure an outbreak of dysentery, and once produced, the disease

becomes epidemic, and spreads to those not subjected to these hardships.

The history of every long and trying campaign furnishes evidence of the

influence of predisposition in giving rise to epidemic dysentery.
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The microbe of typhus is unknown, but it, too, appears to be widely

diffused and ready to come into evidence as soon as circumstances affecting

the susceptibility of a community favour its pathogenic activity. It is

sure to make its appearance sooner or later among those whose resistance

has been broken down by want or disease, if they are confined in dark,

filthy, unventilated dwellings on sea or on land. Creighton records a very

remarkable instance of typhus being generated (if we may use the expres-

sion) in an Egyptian frigate, having on board 476 men, 200 of whom were
convicts. The voyage to Liverpool was long and stormy, preventing

ventilation 'tween decks. The vessel, besides, was in a horrible state of

filth. There was much sickness of a diarrhceal kind among the men, but

no fever appeared on board. On arriving in the Mersey these men, who
were themselves free from fever, communicated typhus to the English who
were brought into contact with them, or who went on board the vessel.

In all thirty took the infection, and eight died.

Kelsch has recently shown how certainly the fatigues consequent on the

annual manceuvres in France, by their effect in reducing the resistance of

the body to the virus, are followed by outbreaks of enteric fever. In the

same way malarial fever readily becomes epidemic among those subjected

to the hardships of war, or who suffer from want. It is for this reason

notably a disease of the poor. Duboue's experience in France is that of

all who have seen much of the disease in the tropics. "L'infection

palustre," he says, "est rare, tres rare dans la classe aisee. Les huit

dixiemes des cas d'impaludisme que j'ai observes, je les ai vus dans

la classe peu aisee ou miserable, et les quelques exemples que j'ai

notes parmi les gens riches s'expliquent presque toujours par des impru-

dences hygieniques." We shall have occasion in the sequel to notice the

effect of an increased vulnerability of the air-passages produced by atmo-

spheric conditions in determining the seasonal incidence of small-pox and
measles.

What we call immunity is a lessened susceptibility, original or acquired.

This plays an important part in limiting the spread of epidemic diseases. What
would have been the fate of our race if one attack of an epidemic disease

afforded no immunity from another ? When a cholera wave passes over India
the population acquires a partial immunity, lasting, as a rule, for two or three
years. Hence epidemic waves follow with considerable regularity every fourth
year. It has been shown that the ingestion of the cholera bacillus in food or
water, while it may fail to give rise to the infection, nevertheless confers a
certain degree of immunity. Abel and Claussen found the vibrio in the stools

of thirteen out of seventeen persons who had been brought into close contact
with cholera patients. They had imbibed the virus without succumbing to the

disease, and had doubtless in this way acquired a partial and temporary im-
munity. We may thus suppose that a very large number of a community
among which cholera has been raging and who have escaped an attack, become
temporarily immune. Otherwise it would be difficult to understand why the
disease should not spread every year in India, seeing that in the worst out-

breaks those who have acquired an immunity by passing through an attack
form only a small proportion of the population. A similar process of temporary
immunisation by imbibing non-infective doses of the virus takes place in other
infections. Is it not possible, then, that something similar occurs even in the
case of contagious diseases'? The increase of virulence observed in the earlier

stages of an outbreak of measles or small-pox is generally explained on the
assumption that at the beginning of an epidemy only the more susceptible are

attacked, in passing through whom the virus gains in intensity. This theory,

whether true or not, implies that others who imbibe the virus do not contract

the disease on account of their greater resistance. We may suppose that in the
case of those who receive the virus without developing the disease, the pathogenic
organism is destroyed in situ by the action of the cells ; but it does not follow

that the bacterial products are without effect on the economy. This view of the
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possible immunising influence of non-infective doses of the virus of contagious

diseases is not to be dismissed as purely fanciful, for Copeman has shown that

protection against the effects of subsequent vaccination or inoculation is afforded

by the introduction of the. virus, although there may be no local manifestations.

Should it be proved that the action of the virus—say of small-pox or measles—in

doses insufficient to give rise to disease confers a temporary immunity on those

subjected to it, some difficulties in connection with the decline of epidemics and
the intervals between successive outbreaks would be removed or lessened.

Methods of Study.—Classification.—Epidemiology is a branch of

natural history—that branch of it which treats of the micro-organisms to

which the microbes of epidemic diseases belong. A complete natural history

of these organisms would include, among other things, their epidemiology.

The life of an important group of these parasites is limited to man, and

their life-history is comprised in their epidemic activity. The most

interesting phase in the life of the others is not that which is passed by

them as harmless saprophytes, but that in which as parasites they take

their share in the tragedy of human life, bring misery into the domestic

circle, and, as in the case of plague, determine the fate of empires and

modify the progress of civilisation.

The natural history of the parasites of epidemic diseases embraces their

bacteriology and their epidemic manifestations. Bacteriologically, we have

to study them in their relation to other organisms to which they are

allied or which affect their growth ; their morphology ; the media in which

those of them that can be grown outside the body can be best cultivated

;

the influence of physical agencies—temperature, humidity, and so forth

—

on their growth and virulence. But this is only a fragment of their natural

history. We have to observe their behaviour as human parasites in order

to discover how they spread, the influence of meteorological agents on their

diffusion, the vehicles by which they are introduced into the body, the

personal and social conditions which influence infection, the circumstances

that determine the decline and extinction of epidemics, and much more

that cannot be learned by bacteriological research. But our knowledge

of the natural history of these organisms is not complete until we
know something of their epidemic history—their varying prevalence and

fatality at different epochs and the symptoms they have exhibited in past

times.

We must beware of concluding too positively from the behaviour of an organ-

ism under experimental conditions how it will comport itself in its epidemic

career. Cholera cultivations die out rapidly when placed in the soil, but an out-

break of cholera occurred in 1890 at Puebla de Rugat in Spain, which could only

be accounted for on the supposition that the vibrio had retained its vitality in the

soil for a period of five years. Under the direction of Pettenkoffer 5 litres of a

bouillon containing an estimated number of seventy-two millions of the typhoid

bacillus were poured into a well containing 680 litres of water. They had all dis-

appeared by the third day. Our experience of actual epidemies of water-borne

typhoid is very different from the results of this experiment. We must be equally

on our guard not to infer from what we see of an epidemic disease at the present

day that it has always presented the same characters. In recent outbreaks of

plague little has been heard of carbuncles, petechia, and other eruptions.
_
Yet so

characteristic were carbuncles of this disease, as seen in Europe in the sixteenth

and seventeenth centuries, that it was often spoken of as carbuncular plague, and

the eruptions known as the tokens were looked upon as more certain evidence that

a disease was plague than the buboes themselves.

The micro-organisms of some of the more important diseases are still

unknown, but those that are known belong to the coccus, rod, or screw

forms of the schizomycetes, or to the hsematozoa.
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Classifications based on their morphology and modes of reproduction, however
necessary for the bacteriologist, are of little service to the epidemiologist, for they
fail to bring together groups of disease having common epidemiological features.

The symptoms, lesions, and epidemiological characters of a disease afford no
certain indication of the bacteriological class in which we are to look for its cause.

A classification based on the parasitic habits of the micro-organisms and the
modes in which they are communicable is that which is most useful to the
epidemiologist.

One important class of epidemic diseases consists of those caused by
obligatory parasites. These organisms do not grow outside the human
body. External conditions—light, air, temperature, humidity—are relevant

to their prevalence only in so far as they (a) attenuate their virulence or

destroy their vitality
;
(b) favour or hinder their diffusion

;
(c) increase or

diminish the susceptibility of the body generally, or that of the surfaces

through which infection takes place, to their invasion.

To a second class belong diseases caused by non- obligatory parasites

capable of saprophytic life outside the body. This class is usually divided

into two groups : diseases due (a) to facultative saprophytes, or organisms

essentially parasitic, but capable of growing more or less vigorously in

external media
;
(b) to facultative parasites, or organisms essentially sapro-

phytic in their habits, but capable of invading the human body. The dis-

tinction is a real one as applied to non-epidemic infections. The bacillus

of tetanus, for example, is a truly facultative parasite. Its life is that of a

soil saprophyte, but when accidentally introduced into the body it is cap-

able of growing in the tissues. The distinction, however, between faculta-

tive saprophytes and facultative parasites is more arbitrary in the case of

the organisms of epidemic diseases. The most saprophytic of them develop

a high degree of parasitism when they are epidemic. It is doubtful, indeed,

if any saprophyte can give rise to an epidemy until its virulence has become
exalted by successive transmissions through the human body. In other

words, facultative parasites must become, in a sense, facultative saprophytes

before they can spread extensively. The cholera vibrio, for example, is

looked upon as the type of a facultative parasite, but it loses its virulence

by continued growth as a saprophyte. This is true at least in non-endemic

regions, and it is open to doubt whether the cholera germ, even in places

where it is endemic, can maintain indefinitely the virulence necessary to

give it spreading power, unless by frequent passages through the human
body.

Some of the non-obligatory parasites approach closely in their epidemic

characters to those of the obligatory group. The scarlet fever germ, for

example, whatsoever it may be, is capable of saprophytic growth, as milk

epidemics prove, but when widely epidemic, scarlet fever appears to spread

almost exclusively by contagion, and its epidemic characters are then

practically those of a disease due to an obligatory parasite.

The same may be said of diphtheria. Its bacillus grows as a saprophyte,

and during its epidemic prevalence the saprophytically grown virus often

gives rise to the disease, but there is reason to believe that when the

disease is epidemic it is mainly spread by contagion. When not grown
from time to time on the body it loses its virulence. It will thus be seen

that epidemicity implies an increase in the parasitism of microbes, those

most akin to saprophytes in their habits approximating to the characters

of facultative saprophytes, the latter, again, to those of obligatory parasites.

It seems highly probable, indeed, that all infective microbes were originally

saprophytes, and it cannot be confidently affirmed that any one of the
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obligatory group has so completely lost its ancestral habits that it cannot

grow in some medium outside the body.

There is some reason for believing that the bacillus cultivated by Copeman and
Klein from variolous crusts by incubation in a hen's egg is the long-sought-for

virus of variola. In that case, the most obligatory of all parasites will have been
proved to be capable of saprophytic life ; but from all we know of small-pox we
may rest assured that in respect to the actual mode of its propagation it is strictly

obligatory. When small-pox or measles are introduced into an island with a limited

population, and not in frequent communication with places where these diseases

are always more or less in evidence, they die out as soon as the susceptible are

exhausted. Neither of them can maintain itself in the surroundings of man until

a sufficient number of unprotected persons accumulate to set agoing a new out-

break.

It follows from what we have said that a definitive classification is at

present impossible. The following groups, however, indicate to some extent

the epidemic affinities of the more important of the diseases with which we
are concerned :

—

1. Diseases caused by obligatory parasites and spread by contagion. To

this class belong small-pox, measles, whooping-cough, mumps, chicken

pox, and less certainly typhus and eerebro-spinal fever.

2. Diseases caused by non-obligatory parasites which spread by con-

tagion ; but as their contagia are capable of saprophytic growth, they are

also diffused by infection. In this group of contagious-infectious diseases

are scarlet fever, diphtheria, and erysipelas, and probably relapsing fever,

influenza, and dengue.

3. Diseases caused by non-obligatory parasites which are spread mainly

by infection. The microbes of this group, although derived more or less

remotely from a previous case, multiply outside the body, and are introduced

into the system by means of air, water, food, or in the instance of plague,

and perhaps of yellow fever, by inoculation. This group comprises cholera,

plague, Malta fever, enteric fever, dysentery, and yellow fever.

4. Malarial fever is caused by a hsematozoon. It is communicable by

the sting of a malariatecl mosquito, but the etiology of the disease points to

other modes of infection. It is still uncertain if the parasite of blackwater

fever is distinct from that of malaria.

Isolation of, and avoidance of communication with, the sick, or contact

with contaminated articles are the means of limiting the spread of diseases

belonging to the first class. Defective sanitation is only of importance in

promoting their spread in so far as it predisposes the body to infection.

Isolation is still the most important means of limiting the spread of the

second group. But here the need of protecting milk and food from con-

tamination is obvious. Sanitation also comes into greater prominence,

inasmuch as an impure soil may serve as a breeding-place for the germs,

while noxious effluvia and sewage gases may at once predispose to attack,

and serve as vehicles for the infection.

In respect to the third class the first indication is to prevent the intro-

duction of the germ into a healthy country or locality by measures of

quarantine, inspection, and disinfection proper to the particular disease to

be guarded against, and suited to the circumstances of the community. Of

primary importance for the safety of a community is attention to purity of

air, soil, and water, with free ventilation and sunlight, so as to deprive the

microbe of breeding-places, prevent the contamination of the vehicles by

which the contagium is conveyed into the system, and subject the virus to

the action of the natural agencies that are antagonistic to its vitality.
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The prevention of malarial diseases requires that a country be rendered

unfit for the life of its insect host by means of drainage and cultivation.

Individual prophylaxis does not come within the scope of this article.

To sum up : for an epidemy of a disease belonging to the first and second

groups there must be (a) the virus
;

(b) a susceptible population
;

(c) free

inter-communication between the sick and the susceptible. For the

epidemic prevalence of a disease belonging to the third group there must
be (a) the virus; (b) a breeding-place for it outside man; (c) means of

transport from place to place
;
(d) a vehicle for its diffusion

;
(e) a suscep-

tible population. Isolated cases of an epidemic disease may occur when
some of these conditions are absent, but in order that an infectious disease

should become widely diffused, they must all be present.

Genekal Epidemiology

Epidemic Movements—Law of Anticipation—Associations and
Antagonisms—Evolution and Involution of Epidemics

Epidemics Movements.— The distinguishing feature of epidemic

diseases, as the name implies, is their alternating periods of quiescence and
recrudescence, but other movements, less obvious, because more gradual in

their evolution, have also to be considered. Some of the more important

epidemic phenomena fall under the following heads :—1. Secular mutations

occurring during the course of centuries. 2. Multiannual nutations, to use

the phrase of Eansome, or fluctuations in prevalence and virulence ex-

tending over periods of from ten to fifty years. 3. Epidemic waves or

explosions recurring at more or less regular intervals of a few years.

4. Seasonal fluctuations. 5. Oscillations at irregular intervals measured

by days or weeks.

I. Seculak Mutations.—Under the term secular mutations are comprised

(a) changes in the relative importance of a particular disease or class of

diseases, developing during the course of ages
;
(b) the appearance of new

epidemic diseases, or the extension of old ones to regions from which they

had been previously absent
;

(c) the extinction or modification of epidemic

diseases
;
(d) the temporary assumption of epidemic characters by sporadic

infectious maladies.

(a) A study of the history of epidemic diseases shows a certain malady
or class of maladies coming to the front on the epidemic scene, playing the

chief role for a longer or shorter time, and then retiring to give place to

others. We have an example of this kind of secular movement in the

predominating importance of plague in the sixth and seventh centuries,

and, again, from the fourteenth to the middle of the seventeenth century.

Other instances are afforded by the remarkable prevalence of typhus in the

seventeenth and eighteenth centuries, its gradual decline in recent years,

and the varying prevalence of malaria, dysentery, and the contagious class

of diseases in different historical periods.

(6) The English sweating sickness is the best-known example of the advent of

a disease of which no trace is previously to be met with in history. Its sudden
appearance in 1486, its repeated periods of apparently complete extinction, followed
by new outbreaks, and its final disappearance in 1551, form an altogether unique
episode in the annals of epidemiology. Whether dengue is to be reckoned among
new diseases is not so certain, but its history does not reach back beyond the last

quarter of the eighteenth century. Cerebro- spinal meningitis, if not new, escaped
recognition up to the year 1837.
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The epidemic diseases mentioned by Hippocrates are malarial fevers of

the various types now known, continued fevers of long duration, presenting
some of the features of Malta fever, possibly diphtheria, dysentery, summer
cholera, mumps, erysipelas, puerperal fever. Plague, too, was known in

his day, although it is not described in any of his authentic works. The
list of epidemic diseases has increased considerably since the time of

Hippocrates by the evolution of new diseases or by the extension to Europe
of maladies previously restricted to other regions. Eespecting the exist-

ence of small-pox and measles in ancient times Dr. Adams says :
" After

having read, we may say, every word of every ancient writer on medicine
that has come down to us, we can confidently affirm that the Greeks and
Eomans are altogether silent on the subject (of small-pox and measles), and
we are indebted to the Arabians for the earliest accounts we have of these

diseases." In this conclusion we agree, and we are even inclined to doubt
the vast antiquity claimed for small-pox in India and China. The historic

evidence of this antiquity is doubtful; the improbabilities of its being
restricted for ages to one country, great. Had small-pox prevailed in the

East from remote antiquity, as some hold, it is difficult to understand why
it should not have rapidly spread to Europe if the disease had then
possessed the contagious character it now exhibits. The constant inter-

course between the East and West in ancient times afforded ample
opportunities for its spread.

But whatever may be the antiquity of small-pox and measles, their extension to
Europe, which is one of the most notable secular movements of epidemic diseases,

does not date before the sixth century. In recent times other diseases have
extended their limits. Yellow fever has in our day become acclimatised in
Brazil, and in the past and present centuries it has frequently overrun great parts
of North America, and has made repeated incursions into Southern Europe. One
of the most remarkable instances of the extension of a disease previously confined
to a comparatively limited area is that afforded by the repeated pandemies of

cholera during the present century.
(c) History, too, affords examples of the extinction or modification of old diseases.

No form of sickness now known corresponds to the plague of Athens as described
by Thucydides, to that of Antoninus (166-68 a.d.) described by Galen, or to that
of Cyprian in the third century. The modifications in prevalence and virulence
which epidemic diseases have undergone in historical times are apparent.
Malarial fever and dysentery dominated the pathology of England in the days of

Sydenham ; they are at present not only among the rarest of diseases, but they
have lost much of their old virulence. When do we hear now of the pernicious
attacks described by Morton which " sub larva algoris funesti, vomitionis inde-
sinentis, cholerse morbi, colicse ventriculi, apoplexise, syncopes, spasmi universalis,

pleuritidis, vel alterius morbi secure delitescens, medicum a scopo suo non raro
abducit " 1 Typhus fever, so prevalent in past centuries, seems to be verging
towards extinction. On the other hand, the quasi-epidemic diseases of the
respiratory organs—pneumonia and bronchitis—have gained in importance, and
since the first appearance of Asiatic cholera the mortality from diarrhoeal diseases

has enormously increased, although of late years it seems again to be somewhat
on the wane. The mortality from this class of diseases per million living in

London since the beginning of registration has been as follows :

—

538-40 1841-50 1851-60 1861-70 1871-80 1881-90
274 782 1030 1040 949 748

This increase has not been confined to London or England. According to Lombard
the deaths in Berlin from diarrhoea and cholorine formed 18*6 per 1000 of the

deaths from all causes from 1835 to 1838 ; by 1868-69 they had risen to 109 ; in 1872

to 134 ; and in 1873 to 173 per 1000. Is this great increase caused by the acclima-
tisation in Europe of an attenuated descendant of the vibrio of Asiatic cholera?

(d) The temporary assumption of epidemic characters by sporadic infective

diseases is best exemplified in the epidemic spread of syphilis in the end of the

fifteenth century. Something analogous, but not so much to the point, is observed
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in the spread of leprosy in Europe in the Middle Ages, and in New Caledonia and
the Sandwich Islands of late years.

Space forbids us entering into a discussion of the causes of these secular

movements. They may be referred to one or more of the following circum-

stances :

—

(a) Variations in the prevalence and virulence of the contagium,

brought about by altered conditions under which the micro-organism is

grown, or the association of pathogenic microbes with non-pathogenic

organisms which exalt or attenuate their virulence. (6) Changes in the

circumstances and habits of peoples as regards food, dwellings, occupations,

modes of life, and whatever affects the susceptibility to disease, (c) Changes

in the facilities for the spread of certain diseases by social and political

upheavals and movements of population, (d) The assumption of parasitic

characters by microbes formerly purely saprophytic.

II. Multiannual Fluctuations ok Nutations.—In following the course

of a contagious disease, such as small-pox, measles, whooping-cough, scarlet

fever, or diphtheria during a long series of years in a community in which

it is constantly more or less present, it will be remarked that it has periods of

slowly increasing and decreasing mortality, quite distinct from the epidemic

explosions recurring at shorter intervals. These long-period fluctuations

appear on a chart as alternate ebbs and flows, or swells and depressions, on

which the short-period outbursts appear as waves. Or rather a diagrammatic

representation of the course of one of these diseases through a series of years

presents something of the appearance of an undulating mountain range,

studded with numerous abruptly projecting peaks, arising alike from height

and hollow—those shooting up from the depressions being often the highest.

These undulations or long-period swells are frequently spoken of as epidemic

cycles, but if carefully examined they are found not to be strictly cyclical, as

they are neither of equal height nor do they recur at regular intervals. In

diagram 1, Chart I., showing the ratio of deaths from small-pox per 1000

of the deaths from all causes in London from 1700 to 1800, we observe

a distinct increase in the mortality during the first decennium, the

swell attaining a maximum from 1715 to 1720. It then subsides slowly

and irregularly to 1733. Then follows an ebb up to 1745, when another

long swell begins, which seems to end about 1783. Another upward
movement is in progress when the epidemic force of the disease was
arrested by the introduction of vaccination. In diagram 3, Chart L,

representing small-pox in Sweden from 1749 to 1800, it will be seen that there

is a marked swell from 1749 to 1773, corresponding with that observed in the

London chart for the same period. Unfortunately, we do not have the

material for deciding how far these swells coincide in different countries,

but the curves of small-pox in London and Sweden in the second half of the

eighteenth century suggest that these swells are not entirely local. In

diagrams 1 and 2, Chart II., similar swells and ebbs are to be observed in

the mortality from measles. The first swell in the London chart seems to

have been about its height in 1838. There is a distinct fall from 1846 to

1852, when the ebb is at its lowest. So far as can be gathered from the

statistics of the pre-registration period, the increase began in 1834. It thus

covered a period of about 18 years. Another more indefinite swell extends

from 1853 to somewhere about 1871, forming another period of 18 years.

Then follows a steady rise from 1872, which is beginning to subside when
the record closes. The very marked rise in the measles mortality in

New York (Chart II., diagram 2) coincides with the latter part of the London
period. Whooping-cough (diagram 3, Chart II.) shows a very slight rise
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from 1841 to 1850 ; it then remains pretty much at the same level from

1851 to 1870, after which the fall has been steadily progressive. We are not,

however, to conclude that this is a permanent downward movement, for an
examination of the charts for Sweden, published by Eansome (Upidem. Soc.

Trans, vol. i. N.S.), shows that this disease has what he calls a nutation

period of about 50 years.

Scarlet fever and diphtheria are eminently mobile diseases. They vary

much more in prevalence, and especially in virulence, from time to time than

do diseases of the purely contagious class. The scarlet fever seen by Syden-

ham was so mild that when it proved fatal " the sick died of his doctor."

Graves observes that scarlet fever assumed a very benign type in Dublin

soon after the year 1804, and continued mild up to 1831. "It then increased

in severity, and in 1834 the disease assumed the form of a destructive epi-

demic." There would thus seem to have been a period of three or four years

during which the pathogenic agent of the disease was slowly gaining in

virulence before the epidemy attained its maximum intensity. The fluctua-

tions in the mortality from this disease from 1859 to 1892 are depicted in

diagram 4, Chart II. During the twenty years 1871-90 scarlet fever has

been gradually losing ground in London and elsewhere, but those acquainted

with its history will hesitate in ascribing this decrease, as is often done,

exclusively or mainly, to the influence of isolation hospitals. Diphtheria

presents the same variations in prevalence and virulence which we observe

in scarlet fever. Its virulence may, indeed, be often observed to increase

during the progress of an outbreak, the early cases presenting the characters

of a simple sore throat, developing later into the most malignant type of

the disease. From this mobility of type, diphtheria appears for a series of

years in widespread and fatal epidemics, then subsides, to recur in local out-

breaks only at irregular intervals. We have no exact statistics to guide

us, but according to Hirsch there was a general remission of the disease,

except in France, from the end of the eighteenth century until about the

year 1858. From this date it has been one of the most fatal epidemic

maladies of young persons not only in Europe, but in Asia Minor, the

United States, Canada, and other countries.

During its long periods of activity diphtheria undergoes marked fluctua-

tions in prevalence. The first swell in London covers the period 1859-72.

A second and greater swell succeeded, which, so far as diagram 2, Chart I.,

shows, reached its height in 1889. These alternate ebbs and flows in the

diphtheria death-rate of London do not correspond to those observed in

New York and Philadelphia.

The causes of these swells are obscure. We are unable to say with any

certainty whether as respects small-pox, measles, and whooping-cough they

denote an increased prevalence only or an increased virulence as well. The
long-period movements of scarlet fever are certainly dependent upon, or

associated with, an increased virulence of its contagium, although how this

is brought about is unknown.
The greatly diminished small-pox mortality consequent on the introduc-

tion of vaccination was followed by a notable increase in the deaths from

measles and whooping-cough. The possibility, therefore, of these long waves

being to some extent complementary to other diseases affecting infant life is

not to be overlooked. It will be observed from the charts that as the death-

rate from whooping-cough in London has fallen, so has that from measles

risen. Perhaps the diminishing mortality from scarlet fever from 1870 may
also have contributed to increase the fatality of measles during the same

period. But after a careful examination of the deaths from infantile diseases in
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New York, we fail to find a decrease in any of them to which the enormous
increase of measles from 1880 onwards can be ascribed. As one cannot die

of two diseases, the suppression or decline in one cause of death will leave a

greater number of possible victims for another. But this being admitted,

it really explains nothing, for if the increase of measles be the result of the

diminished ravages of scarlet fever and whooping-cough, to what, we ask, is

the decreasing fatality of these diseases due ?

Some have sought for an explanation of such phenomena in atmospheric

constitutions favouring the prevalence of this or that disease or group of

diseases. It is here that a few words may be said about the doctrine of

constitutions, which occupies such an important place in the history of

epidemiology.

The constitution or katastasis of Hippocrates was an annual one, determined
by sensible states of the weather—heat, cold, dryness, humidity, the direction and
force of the winds, and so forth. Diseases, according to him, were not caused by
the weather prevailing just at the time when they appeared, but by this in relation

to the weather in the seasons preceding. As Bacon puts it, an epidemic constitu-

tion "results from a precedent sequence and series of the seasons of the year."

This doctrine was founded not on conjecture but on observation, and will remain
true, for a certain class of diseases and within certain limits, for all time. It largely

explains the varying prevalence of the diseases with which Hippocrates was
acquainted in different years and seasons.

Sydenham's constitution differed from that of Hippocrates. It was not an
annual one, but of uncertain duration, and it was not caused by sensible but by
occult qualities of the atmosphere, and finally it was conceived in order to explain
phenomena which, to a large extent, were outside the observation of Hippocrates

—

such as plague, spotted fevers, and small-pox. Epidemic diseases, to use Sydenham's
own words, " are engendered through occult and inexplicable changes in the atmo-
sphere, and continue their devastation during the persistence of the mysterious
skiey influences in question." There is nothing in nature corresponding to this

conception.
It is clear that neither the constitution of Hippocrates nor that of Sydenham

throws any light on these multiannual fluctuations with which we are dealing.

Another doctrine is that of Haeser, who asserts, on historical grounds, the
existence of two, to some extent mutually exclusive, constitutions, which he
calls respectively a typhous constitution, during which typhus and typhoid
fevers, plague, and malarial fevers predominate ; the other an exanthematous
constitution characterised by a general and excessive prevalence of scarlet

fever, small-pox, measles, dysentery, diphtheria, and puerperal fever, all of

which, he thinks, are related maladies. These constitutions are supposed to
alternate at varying periods, extending over, it may be, twenty or thirty years,

and determining the type of disease over continents. He supposes that these

constitutions are the result of meteorological and cosmic influences affecting

alike the vegetable and animal kingdoms. The historic evidence in support
of these views does not appear conclusive. The facts that have just come under
our notice indicate that the periods of prevalence of the individual members
of the exanthematic group do not always correspond. Their ebbs and swells do
not coincide as they should do if Haeser's doctrine were true. If these movements
are caused by atmospheric and cosmic influences, we should have to postulate a
separate constitution for each member of the exanthematous group. It must be
admitted that these nutations are amongst the most inscrutable of epidemic
phenomena.

III. Short-period Waves.—It will be seen from an examination of Chart
II. that epidemic waves of measles follow one another with considerable

regularity every other year in London and ISTew York. The same holds

true of most large cities. This biennial wave is scarcely less marked in

England and Wales as a whole, although the years in which the wave occurs

in the country do not always coincide with those in which it appears in the

capital. In sparsely populated localities these waves occur at longer and
quite irregular intervals. In the seventeenth and eighteenth centuries the
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intervals between the successive waves of measles in London were less regular

than at the present day, but the tendency to biennial explosions was even

then quite apparent.

Chart I. shows that there was generally an epidemic outburst of small-

pox every other year in London in the eighteenth century. The interval

between the waves is four years in Sweden (see Chart I.), instead of one year

as in London.
The intervals between the successive explosions of whooping-cough in

London are longer and more variable. Two years, more or less, intervene

between the waves. The height of the wave in all these diseases is often seen

to bear an inverse relation to the swell. This is easily understood, for the

more constantly and severely a contagious disease is present in a community
the less material will be left for the recurring explosions. But it deserves

notice that for a series of years severe explosions are the rule, followed by
another series in which they are much less marked. Compare, for example,

the period 1838-66 (Chart II., diagram 1) with the succeeding period.

These explosions, whatever may be their cause, are not, as a rule,

determined by a recurring increase in the virulence of the contagium.

Indeed, the case-mortality in epidemic years is often lower than in the

years of minimum prevalence. In the years 1872 and 1894, for example,

measles were epidemic in Hamburg, but the case-mortality in the former

year was 2*74, and in the latter 3*4 per cent. These waves are local

explosions for the most part, not brought about by increase of virulence.

But every now and again in the case of measles and small-pox, and perhaps

also in that of all contagious diseases, virulence waves intrude. Thus a

severe epiclemy of measles occurred in Hamburg in 1892 ; the case-mortality

reached 7*3 per cent. This was no local outbreak. Its impulse is to be

traced in diagrams 1 and 2, Chart II., in London and New York, and it was
felt at Paris, and doubtless in other widely distant places. The epidemy of

small-pox in 1871 was such a virulence wave, which swept over the greater

part of the world. Nothing is really known of the causation of these

virulence waves, nor much of the frequency of their occurrence.

The ordinary biennial wave of measles that appears in large towns is

evidently connected in some way with the diminution of susceptible

subjects in the intervening years, and the interval necessary for accumu-
lating a fresh mass of material for a new explosion. The fact that the

failure of the epidemic wave in one year is sufficient to alter the biennial

rhythm is conclusive on this point. Another proof is to be found in the

occasional lengthening of the interval after an unusually high wave, as in

the year 1839, and again in 1845 (diagram 1, Chart II.). But in what way
does this thinning of the ranks of the susceptible necessitate a more or less

definite interval to elapse before a new outburst can take place ? In other

words, why should these diseases proceed by way of successive explosions,

and not occur continuously ? Why should the virus, which is never absent

from a large town, not spread in the intermediate years (see Chart IV.

p. 308) among those who had escaped in the previous epidemy and among
those that are being constantly added by the natural increase of the popula-

tion, instead of waiting for an accumulation of subjects in order to clear

them all off at one stroke ? Bansome, who has devoted much attention to

this point, thinks that " all the facts would be accounted for if we suppose

that these diseases can only become epidemic when the proximity between

susceptible persons becomes sufficiently close for the infection to pass freely

from one to the other. When an epidemy has cleared away nearly all the

susceptible, it is only when the meshes of the network of communication
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are again sufficiently close for it to include all the susceptible persons in

one great haul that it can return." It cannot be doubted that the intervals

between epidemics have something to do with the diminished numbers and
density of the susceptible, but this " density " explanation is not without its

difficulties. If a definite density of the susceptible were required before a

disease can become epidemic, can we suppose that anything like the same
densities will be attained in the same time in places where the outbreaks occur

at the same intervals ? If, as is generally believed, measles are only com-
municable by a proximity so close as that afforded by personal intercourse

—

say a few feet or yards—the density of the susceptible can never be such as to

enable the infection to pass from one to another. The fineness of the meshes
of the net can only be relevant to the epidemic spread of the disease if it

secures the inclusion of the susceptible automatically, so to speak, that is,

by the infection passing from one to another, from point to point, apart from
that accidental intercourse between the sick and the healthy which does

not depend on any given density. Perhaps if we knew more of the manner
in which the contagion really spreads in epidemic times, some or all of these

difficulties would disappear. "We think it by no means improbable that the

interval may have a relation to a temporary immunity conferred on a popu-
lation generally—on those who have not been attacked, as well as those who
have—during the previous outbreak

;
just as in the case of cholera a severe

epidemy confers an immunity for three years on a community.
IV. Seasonal Fluctuations.—" All diseases occur at all seasons of the

year, but certain of them are more apt to occur and to be exacerbated at

certain seasons." This aphorism of Hippocrates applies especially to

epidemic disorders. The seasonal prevalence of diseases due to non-obligatory

parasites is determined, as a rule, by climatic conditions affecting their

saprophytic growth. Apparent exceptions occur, and the season of greatest

prevalence in some localities is not that in which the virus seems to have the

best chance of multiplying outside man, but that in which it has the greatest

facilities for diffusion. But peculiar local conditions may convert a sum-
mer or autumn disease into a winter or spring one by actually favouring

the growth of its organism at these seasons. We have an instance of this

in the case of enteric fever, which is least prevalent in Munich in October,

the month when it attains its maximum in England and in most other

countries, and it is interesting to note that two out of the three epidemics

of cholera that have visited Munich (1836-37 and 1873-74) have also fallen

on winter. It is thought that the breeding-places of the virus of these

diseases at Munich are situated at a considerable depth, and that the opti-

mum temperature for the growth of the virus is found at the seasons in

which they are actually most prevalent. These apparent exceptions do not

invalidate but confirm the rule. All the diseases of this class are not in the

same degree or in precisely the same manner influenced by climatic conditions.

The cholera vibrio does not grow at a temperature under 60° F., and its

optimum ranges from 80° to 104° F. This explains why epidemics of

cholera in temperate climates are so generally restricted to summer and
autumn, severe winter outbreaks being among the rarest of events. The
vibrio is rapidly destroyed by drying, hence extensive epidemics do not
occur during the long dry season in the Punjab and Central Provinces of

India. The vibrio cannot multiply in very dilute nutrient solutions, hence
the extensive floodings occurring at certain seasons in Bengal, Assam, and
other countries are followed by a fall in the cholera wave. Another ex-

planation of this recession of cholera during the season of floods is suggested
by Woodhead. He holds that when the cholera bacillus in the faeces passes

vol. in 20
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directly into a soil so damp that it holds insufficient oxygen to satisfy its

saprophytic requirements it remains an anaerobic organism readily and
rapidly killed ; but when the depth of the drying zone is greater, the soil

contains more air, the organisms multiply, become more hardy, resist putre-

factive organisms, acquire saprophytic habits, and become more dangerous.

The bacillus of enteric fever is able to multiply at lower temperatures

than that of cholera. It maintains its vitality for weeks when repeatedly

subjected to a temperature below the freezing point. It is also much more
resistant to drying than the cholera vibrio ; these facts explain why typhoid

fever is not so distinctly a seasonal disease as cholera.

The season of our home cholera is even more strictly regulated by
meteorological states—among which temperature occupies the first place

—

than its Asiatic congener. As Sydenham says, " Cholera begins in August,

and within the limited barriers of one single month runs its course." But
outbreaks of choleraic diarrhoea, closely dependent as the disease is on a

high temperature, may occur in mid-winter, and not only so, but the very

lowness of the temperature is in these cases the cause of its appearance.

Such epidemics have frequently happened in Altona on the Elbe, when the

highly impure water derived from that river, after it has received the sewage

of Hamburg, has been distributed to the population on account of very

severe frosts having deranged the filtering apparatus.

As an epidemic disease dysentery is to be classed among the summer-
autumn group. Of 705 outbreaks recorded by Hirsch, 528 occurred in

summer and autumn and only 14 in winter ; but in many parts of India

the disease, attacking as it often does those debilitated by the malaria of

autumn, is most prevalent in winter. No disease is more dependent on

temperature than yellow fever. In determining the seasonal evolution of

cholera, humidity as well as temperature counts for much, but the fluctua-

tions of yellow fever appear to be determined by temperature alone. As
Hirsch shows, it only exists throughout the whole year in regions where the

mean winter temperature does not fall below 68°-72° F., and in these it

attains to epidemic diffusion only in the hot season. In higher latitudes,

with an isotherm of less than 68° F., yellow fever occurs as an epidemy only

in years when the temperature comes up to that of tropical regions, and

then principally in the hot season. In places with a still cooler climate the

disease occurs almost without exception in the hot season only. A fall in

the temperature to, or near to, freezing point puts an end to an epidemy.

This coincidence in the fluctuations of yellow fever with those of the ther-

mometer stamps the saprophytic character of its microbe.

The seasonal relations of plague demand further investigation. The fact

that the disease generally raged in Europe in summer and autumn and died

out in winter, and that, on the other hand, it shows little tendency to invade

distinctly tropical regions, seems to indicate that the growth or diffusion of

the bacillus is inhibited both by high and low temperatures. It is said

that its epidemic progress in Mesopotamia is checked by an air temperature

of 86° F. and stopped by one of 113° F. (Payne). There is little evidence,

however, that the temperatures met with in those parts of India where it has

been lately raging have in any way modified its epidemic evolution. The

mean temperature at the height of the first epidemy in Bombay was 74°-

76° ; in Poona, 81°-85° ; in Surat, 81°-91° F. The slight difference between

the temperature of the month in which plague was at its height and that in

which it began rapidly to decline in a particular locality, and the consider-

able differences in the temperatures at which it rose and fell in different

places, forbid us ascribing any marked influence to climate in controlling its
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course. The climate of Bombay is never so high or so low as to affect its

epidemic evolution. Other climatic conditions than temperature probably

come into play (see Brit. Med. Journ. 23rd Dec. 1899).

Some of the contagious-infectious class of diseases attain their maximum
and minimum with great regularity at fixed seasons in a given country, but

at different seasons in different countries. It is possible that in one country

their seasonal prevalence may be determined by circumstances favouring

their contagion, in another by those favouring their infection. No doubt
these two factors—contagion and infection—are not of equal importance

in respect to their spread in all countries, nor in the same country at all

times. Diphtheria in most countries is at its minimum in the third quarter

and at its maximum in the fourth or first quarter. In London, Baltimore,

Alexandria, and some other places the minimum falls on the second and the

maximum on the third quarter. In England the more prevalent the disease

is, the more pronounced is the autumn rise, a circumstance which seems to

indicate that in epidemic years infection plays a greater part in its spread

than in ordinary years.

Scarlet fever differs entirely as regards the season of its maximum and
minimum prevalence in different countries. In London it begins to increase

in May, and its maximum falls with great regularity on October ; and it is

noteworthy that its season has remained unchanged from the days of

Sydenham. In Berlin, Hamburg, Copenhagen, and the Netherlands the

seasonal incidence of scarlet fever is similar to that of London, i.e. it is

least prevalent in the second, and most prevalent in the fourth quarter.

In Paris and in the United States its maximum and minimum are just

reversed. The only explanation we can offer of this strange phenomenon
is that in some countries infection, in others

contagion, plays the most important part in

its spread.

Small-pox and measles differ from all other

epidemic diseases in respect to their seasonal

fluctuations, and these practically correspond

all over the world, and have remained un-
changed from the earliest times. They were
winter or spring diseases in the time of

Ehazes ; they are so now. They break out

now in winter, now in spring. In one place

winter outbreaks are more frequent; at

another place spring epidemies are more
common; and, as we shall presently see, the

relative frequency of winter and spring ex-

plosions varies in the same place in different

series of years. Chart III. represents the

monthly distribution of cases of measles in

Edinburgh for ten years. It conveys the

impression that the disease occurs continuously
all through the year, with two maxima, in

April and December respectively, and two
minima, falling the one in September, the other
in January. But if we look at Chart IV., re-

presenting five of the ten years,it will be seen 0haet IIL_MeasleSj im.89 (Edinburgh),

that distinct epidemics occur either in spring
or in the late autumn or winter. This seasonal incidence of the disease

(and it is the same in small-pox) is observed all over the world, in North
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America as in Europe, and at corresponding seasons in the southern hemi-
spheres.

The explanation of the epidemic prevalence of measles and small-pox
in winter and spring is not to be sought for in the action of meteorological
influences on their contagia, but in the effect of season on the susceptibility
of the body generally, or on the vulnerability of the upper air-passages.
The winter increase of small-pox all over the world coincides with the first

notable fall in the temperature. It occurs in October in London and New
York, in November and December in India, and at corresponding seasons
in the southern hemisphere. In London small-pox and measles begin to
increase in the fortieth, and bronchitis in the forty-first week. From this we
infer that the same climatic conditions which determine respiratory affections

also favour the infection of measles and small-pox. The change from winter
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Chart IV.—Monthly intimations of Measles (Edinburgh) for the several years 1880-84. (Littlejohn.)

to spring once more upsets the physiological balance,and the great vicissitudes

of temperature peculiar to this season render the system more susceptible
to the infection. This explanation is in harmony with what we know
of the action of climate in determining the seasonal prevalence of diseases
due to non-obligatory parasites. Climate in this case acts by preparing
the soil for their growth. It is the same in the case of the obligatory
parasites. The soil of the obligatory parasite is the human body, and
climatic conditions which render the body more suited for its reception
and growth at one season than another determine its seasonal prevalence.

An important peculiarity in the seasonal fluctuations of small-pox and
measles is that the mildness or severity of an epidemy has the effect of

changing its seasonal incidence. It will be seen from Chart V. that mild
epidemies of measles fall on the fourth quarter, and severe ones on the
second quarter.

A somewhat similar change takes place in the seasonal prevalence of

small-pox, as will be seen from Chart VI., the maximum in epidemic years
being transferred from the first to the second quarter.

It would appear that virulent waves both of measles and small-pox
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occur most frequently in spring, but how this should be the case has still to

be discovered.

The seasonal movements of whooping-cough are different from those of

small-pox and measles. In Europe generally, this disease is most prevalent
in the first or second quarter, in the

United States in the third quarter.

Influenza is so erratic in its visita-

tions that there is little time to study
its seasonal evolution in any particu-

lar locality. It has been thought by
some that its prevalence is unaffected

by season. This is a mistake. A
very full record of epidemies of in-

fluenza has been compiled by Hirsch.

It will be found from a study of these

that epidemies of influenza for the

most part begin in winter, but as they
spread they appear in a particular

country earlier or later in the year,

according to their distance from their

point of origin. Of 14 Eussian
epidemies that spread to other parts

of Europe, 11 began from November
to January. Of 240 outbreaks in

different regions in the northern
hemisphere 84 occurred in the

first, 45 in the second, 46 in the
third, and 67 in the fourth quarter.

We are justified, then, in classing

influenza among diseases of the cold season, although it often spreads
in the warmest weather. Dengue, which some have thought to be a form
of influenza, differs essentially in its seasonal characters. It is not only

a disease of warm countries but of

the warm season. It is most prevalent

in summer and early autumn.
The seasonal fluctuations of

malaria, from what is known of its

causation, may be inferred to be

closely connected with the seasonal

activity of the insects in which the

parasite develops; but this requires

further investigation. In the mean-
time it is to be noted that malarial

fevers begin to increase in Northern
and Central Europe in February, and
attain their maximum in April and
May, a season when insects of the

mosquito species are little in evidence.
Chart VI.-Quarterly incidence of Small-pox (London) The laWS regulating the Seasonal

in non-epidemic and epidemic years. „ . „ ° . , P ,

.

fluctuations of epidemic diseases may
be thus stated : Diseases of the infectious group are most prevalent in the
seasons when the climatic conditions favour the saprophytic growth of their

organisms. The seasonal fluctuations of the contagious group are deter-
mined by meteorological influences predisposing the body to infection.

Chart V.—Quarterly incidence of Measles (London)
in epidemic and non-epidemic years.



310 EPIDEMIOLOGY

Both of these factors are in operation in regulating the seasonal movements
of diseases belonging to the contagious-infectious group.

V. Oscillations.—The evolution of an epidemy is marked by minor and
major oscillations. Small explosions at irregular intervals of days are

doubtless caused by a spark of the infection falling accidentally upon
an accumulation of combustible material. The major oscillations are

more regular, and have been shown by Eansome to correspond to a large

extent in places so far apart as London and Manchester. They appear to

be caused by weather.

The Law of Anticipation.—Sydenham remarked that "if fevers,

continued or intermittent, appear unnaturally early, the season that follows

will be exceedingly favourable to the development of epidemics." "We
have satisfied ourselves that this law holds good as respects intermittent

fevers in India. In years when malarial fevers are epidemic they in-

variably begin to increase before their usual period. But this law is

of much wider application. An anticipation in the usual period of rise is

observed in the case of most contagious diseases in this country in epidemic

years. The rise in scarlet fever, for example, begins a month earlier in

years when it is epidemic than in non-epidemic years. This is a point

of considerable practical importance, inasmuch as when a rise is observed

in the cases or deaths from any of these diseases at the period when they

are usually at their minimum, precautions should be taken against an
impending outbreak.

Associations and Antagonisms of Epidemic Diseases.— The
physician who attended John Evelyn for small-pox in Geneva in 1646
justified his having bled his patient before the appearance of the eruption

by saying that but for the bleeding the distemper would have turned to

plague or spotted fever. Few doubted at that time that diseases so widely

different as plague, small-pox, and spotted fever could be converted one
into the other, under changing constitutions of the atmosphere, or as a

result of treatment.

It was another common belief in the Middle Ages, supposed to be

supported by observation, that an unusual prevalence of small-pox, measles,

spotted fevers, or agues heralded an outbreak of plague. Concoregio

(1438) says :
" Multiplicantur autem pra3cipue variolas, et sic ad experien-

tiam visum est, in anno, qui prsecedit pestilentiam futuram de proximo.

Et est tanquam signum prognosticum ejus, quando ultra consuetum
veniunt." In the same way Bacon affirms that " the lesser infections of

small-pox, purple fever, and agues in the preceding summer, hovering all

winter, do portend a great pestilence in the following summer." Spotted

fevers of unwonted malignity preceded the outbreaks of plague in London
in 1625 and 1665, the plague of Mmeguen in 1636, that of Naples in

1656, and of Moscow in 1771 ; but it must be remembered that spotted

fevers and agues were then so common that one or other was almost sure

to precede any outbreak of plague.

We have already alluded to Haeser's doctrine, founded, as he believes,

on historical evidence, that the exanthemata, diphtheria, and dysentery

prevail together for a long series of years, and then give place to the typhus

class of maladies. The scattered records of disease before the registration

era form, we think, an insecure basis for this deduction.

Since registration began in England we have had four groups of years

marked byan extraordinaryprevalence of small-pox, scarlet fever,and measles,

and, curiously enough, these were on each occasion—contrary to Haeser's doc-

trine—associated with typhus. These periods were 1838-40, 1847-48, 1862-64,
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and 1869-72. The first three of these periods were times of much distress,

which may explain the prevalence of typhus, but the considerable recru-

descence of the disease, which took place in 1869-71, cannot be so accounted

for. The great prevalence of small-pox, scarlet fever, and measles in these

years seems to point to some atmospheric conditions which favoured their

spread.

Sydenham held that as one nail drives . out another, so one epidemic

disease displaces another ; but experience proves that two or more epidemic

maladies, affecting the same or different age-periods, may prevail in the same
place and at the same time. Witness the frequent association of epidemies of

typhus and small-pox, of typhus and dysentery, of diphtheria and scarlet

fever and measles. Nor does an epidemic disease extinguish for the time

common forms of sickness, as some have asserted. Thucydides remarked

that the year in which the plague raged in Athens was notably free from

other diseases; and Sydenham says that the year of the great plague

of London was in other respects healthy, " so that all who kept clear of

the plague never were better than then." When a large portion of a popula-

tion is carried off by a plague, fewer are left to die of other diseases.

Plague may also prevail in an otherwise healthy year, but there is no
proof that the existence of a plague suppresses other maladies.

One or two instances of apparent antagonism between epidemic diseases

must be admitted, although they cannot be explained. When epidemic

malaria overran New England from 1864 to 1884, it was noticed that as

the malarial wave advanced in Connecticut typhoid fever receded. From
causing four or five hundred deaths in a year, it so decreased in prevalence

that in one of the malarious years the deaths from typhoid fever fell to one

hundred and fifty-nine. As malaria disappeared typhoid fever came once

more to the front. It has also been observed in some instances that epidemies

of malarial fever have suddenly ceased when cholera appeared. But the

reverse has also been observed. It is recorded that intermittent fever

disappeared entirely from Marienwerder (where it was previously epidemic)

on the cessation of cholera in 1831, and only reappeared with the return of

cholera in 1849. It did not, however, disappear along with the cholera as

before, but remained the predominating sickness in that locality until 1856,

when it again diminished in frequency (Hirsch). We have no satisfactory

explanation to offer of these strange associations and antagonisms.

Evolution and Involution of an Epidemy.—On examining the

course of the great epidemy of small-pox in England and Wales in 1837-39,

Earr found that the deaths in the first two quarters of its progress increased

at a uniform rate of 30 per cent. From the third to the fourth quarter,

the increase was only 6 per cent, after which the numbers for a short time

remained stationary, like a projectile at the summit of its curve. The
deaths then decreased through six quarterly periods at successive ratios of 5,

10, 15, 20, 26, and 31 per cent. Vague notions have been, and are, enter-

tained that some such law will be found to apply to all contagious diseases.

It has been conceived that an epidemy, like a projectile, describes a definite

trajectory, so that, given the ratios of increase at two points in its course,

its further progress could be calculated.

The evolution of an epidemy follows no fixed law. Indeed, the ratios of in-

crease and decrease of the same disease differ in different outbreaks in the same
locality. That this must necessarily be the case will be evident if we reflect that
the course of an epidemy—say of small-pox or measles—depends on a number of

factors that are never present and operative in the same degree in any two
outbreaks. These factors are : (a) the spreading-power of the virus, which is a
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variable quantity ; (b) the number of centres from which the epidemy starts ; (c)

the facilities for the spread of the contagion, dependent on the number of the
susceptible, their aggregation, and the degree of intercourse among them ; (d) the
seasonal influences, which accelerate or retard its spread. The last-named factor

has an important effect on the ratio of increase. Scarlet fever, for example, is

normally at its minimum in the second quarter. During an epidemy, the deaths
in the second quarter, it is true, exceed those in the first, but the rate of increase
during that quarter is invariably slowed by inhibiting seasonal influences.

These considerations would lead us to anticipate considerable diversities in the
evolution of the same disease. But every epidemy of a contagious disease in a
large community has, nevertheless, its period of rise, its fastigium, and its period
of decline. Normally the ratio of increase is an accelerating one up to a certain

point, when it becomes retarded, and the rate of increase in the number of attacks
then becomes less and less until the fastigium is reached. The decline now com-
mences. At the beginning it is slow, then it proceeds more or less rapidly for a
time, and slows down again, as the disease approaches its sporadic level.

How are we to account for these stages 1 We can readily understand that,

once an epidemy has been set a-going, it will advance more and more rapidly as

the contagium becomes more and more multiplied and diffused. As the numbers
of the susceptible decrease and their density diminishes, an arrest of the rate of

spread will take place, and at a certain point the tide must turn, and the number
of attacksbecome fewerand fewer until the outbreak subsides. Does thismechanical
theory of numbers and density account for the trajectory described by an
epidemy 1 The retardation in the rate of spread is not to be accounted for solely

by the reduction in the actual number of the susceptible, for the number attacked
subsequent to the slowing of the ratio of increase is greater than that up to the
point when the retardation begins. But the diminished density of the susceptible

has to be taken into account ; for although the thinning process is in operation
from the beginning of an epidemy, and is to some extent counteracted by the
increasing diffusion of the contagium, yet when it has reached a certain point the
diminished density must have an effect in slowing the rate at which attacks

proceed. Other factors modify the course of an epidemy, but the governing
factors are the numbers and density of the susceptible, and, as has already been
said, many who have not passed through the disease may acquire a temporary
insusceptibility. But the question here arises, Does the infective agent undergo
changes of virulence during the progress of an epidemy 1

The case-mortality varies according to the different phases of an epidemy, as

will be seen from the following figures, which give the number of cases of

measles, the deaths, and the percentage of deaths to cases in thirteen four-weekly
periods, based on the Hamburg returns for the sixteen years 1879-94. The deaths
in one period are credited to the cases in the preceding period :

—

Four- Weekly Periods.

1. 2. 3. 4. 5. 6. 7.

Cases 4017 3568 3525 3564 6888 10,721 9284
Deaths . 166 136 180 255 444 508 256
Percentages . 41 3-9 5-1 7'2 6-4 4-7 2"8

8. 9. 10. 11. 12. 13.

Cases . 4695 2382 2637 4094 5638 5359
Deaths . 166 101 156 205 213 167
Percentages .

3-5 4-2 5-9 5-0 3*8 31

The case-mortality will be seen to rise in the third period, when the cases are at
their minimum. A further rise occurs in the fourth period, when the increase in

prevalence has begun, but is still insignificant. With the first epidemic bound, in

the fifth period, the case-mortality begins to fall, and continues falling rapidly as
the epidemy attains and passes its fastigium in the sixth and seventh periods. A
reverse movement then sets in, and the case-mortality rises until the minimum pre-

valence is reached in the ninth period. As the winter epidemic extension begins
in the tenth period, the case-mortality shows a further rise, but no sooner does
the disease become widely prevalent than the case-mortality again begins to fall.

In short, the virulence of the disease, measured by the case-mortality, appears
to bear throughout pretty much an inverse relation to its diffusion.
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Now the question arises, is the increase and decrease of the virulence of the

contagium a cause or a consequence of the increase and decrease of prevalence in the

varying phases of an epidemy? It must be remembered that virulence and
spreading-power are not necessarily related, for the case-mortality is often low in

rapidly and widely-spreading epidemies. Besides, a diminished case-mortality

may mean either an increased killing power of the virus, or an increased resist-

ance on the part of those attacked, so that fewer succumb to the disease. Upon
the whole, it appears probable that the case-mortality becomes lower as a conse-

quence of the wider diffusion of the disease. The question how this occurs cannot

be fully discussed here.

There is a tendency at the present day to refer the evolution and involution of

epidemies exclusively to changes in the virulence of the contagium. It is assumed
that at the outset of an epidemy only the more susceptible are attacked, and that

in passing through these the virus gains in intensity and spreading-power. The
turn of the less susceptible then comes, in passing through whom the virus becomes
attenuated. The virulence of a germ is undoubtedly exalted or attenuated^ ac-

cording as it is cultivated in susceptible or resistant bodies, but it is not so obvious

why the virus at the early stage of an epidemy, when it is by no means deficient in

potency, should select only the more susceptible for attack. It is more probable

that the wide diffusion of the virus in a community increases the resistance of the

susceptible, and thus brings about an attenuation of the microbe.
The decrease in the virulence of the contagium (granting that the decreased

case-mortality indicates a decreased virulence) may be brought about in other

ways than by merely passing through more resistant subjects. When the con-

tagium, for example, is widely diffused, it is reasonable to suppose that the infec-

tion is, in many cases, propagated by fomites. The virus, subjected for a varying
time to the influence of light and air, will become attenuated, and thus give rise

to a milder type of the disease.

The course of an epidemy of one of the infectious diseases is much more un-

certain and irregular than that of a contagious disease. Its outbreak, extent,

fluctuations, and duration are largely dependent on circumstances that are variable

and contingent, such as the sanitary state of a town into which the infection is

introduced, the water-supply, and such like.

An accidental contamination of milk or water by the virus of cholera, scarlet

fever, or enteric fever often gives rise to a sudden outburst, which rapidly subsides

if the contamination is not renewed. JSTo distinct periods of rise, fastigium, and
decline are to be looked for in explosions of this kind. They present the characters

of a wholesale poisoning rather than those of an epidemy. Further, when an
infectious disease assumes an epidemic character, its course may be modified or

arrested at any stage by a change in the weather unfavourable to the saprophytic

growth of the virus, as in the case of yellow fever, or from the virus being deprived

of its vehicle of diffusion, as when, during an outbreak of cholera, an infected water-

supply is closed.

Another circumstance which contributes to make the evolution of epidemies of

infectious diseases irregular is the great variability in the virulence of their contagia.

A cholera outbreak may run the whole or a part of its course as a severe diarrhoea.

Enteric fever may present itself under the guise of a febrile gastro- intestinal

catarrh. Plague in the course of a single epidemy may assume different forms

with varying diffusive powers. All these circumstances cause the greatest differ-

ences in the course of an epidemy of an infectious disease at a particular time and
in a given locality. But if we take the course of an outbreak in a whole country
for a limited period, or in a given locality, over a number of years, these irregu-

larities disappear, and the epidemic evolution of an infectious disease will be
found, on the large scale and in the long run, to be governed by the conditions

which promote or hinder the saprophytic growth of the contagium.
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Definition.—Epilepsy is a disease characterised by the recurrence of

paroxysmal seizures of greater or less severity, the dominant feature of

which is a sudden loss or impairment of consciousness, and which is not
necessarily due to any obvious organic disease of the brain, its membranes,
or its blood-vessels.

The feature whose presence is necessary to establish the diagnosis of

epilepsy may consist of anything, from a momentary blurring up to com-
plete abolition of consciousness. The convulsive element is not essential

;

if it occurs it may vary from a slight involuntary deviation of the eyes up
to spasm of the whole muscular system.

But there are several forms of coarse brain disease which may give rise

to convulsions not differing from those of idiopathic epilepsy. Such are

thrombosis of the cerebral blood-vessels, both in the old and in the young

;

chronic meningo- encephalitis of specific nature, old -standing foci of

haemorrhage, and in adults, intracranial new-growths, during their incipient

stage.

Etiology.—(a) In its relation to the total population difficulties arise

in reaching satisfactory statistical results as to the prevalency of epilepsy.

First, no census for this purpose has been taken in the United Kingdom,
while those made abroad have been only partial ; and, secondly, epilepsy is

so closely related in the early years of life to idiocy and imbecility, and in

the later years to insanity, that it is almost impossible satisfactorily to

separate them for statistical purposes. A few facts may be stated as to the

estimated number of adult epileptics. The estimate is given as 1 per 1000
in Germany, 2 per 1000 in the State of New York, and 2-5 per 1000 of

total population in the Canton Aargau in Switzerland. Of 10,000 young
men who presented themselves for military duties in Italy, 11*5 were
rejected owing to epilepsy, the proportion being just over 1 per 1000. The
probable proportion, therefore, of adult epileptics to the total population

averages from 1 to 1*5 per 1000 in the European countries. In the

Australasian colonies it has been found that the proportion was lower than
that estimated for Europe and America. For example, in Victoria there

appears to be 1 epileptic in every 2715 of population—approximately, an
average of -25 per 1000. These estimates embrace all cases of epilepsy,

including asylum cases. It may, therefore, be considered a fair average

when it is stated that in Great Britain there is roughly 1 epileptic in every

1000 of the population.

(6) That epilepsy should have existed in the parents or progenitors of

an epileptic person does not seem to be essential. A tendency to one of the

neuroses, more especially insanity and alcoholism, is sufficient. The
statistics of those who have studied similar heredity approximate with a

sufficient amount of uniformity to be of value. Thus Eeynolds found it
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in 31 per cent of his cases, Gowers in 35 per cent, Berger in 32 per cent,

and Echeverria in 27 per cent. It has been pointed out that when an

inherited tendency exists, the female members of the family suffer more
frequently than the males. Bouchet has shown the relation of parental

epilepsy upon the incidence of convulsions in the offspring by referring

to 58 children born of 14 epileptic mothers. Of these, 37 died in infancy

from convulsions, and of the remaining 21, 7 became epileptic.

The oft-mentioned relation between phthisis and epilepsy appears to be

of the nature of a coincidence, as it is not greater than amongst those who
are not epileptics.

(c) The age of the individual in relation to the incidence of epilepsy is

clearly determined by statistics. The commonest period for the commence-
ment of epileptic fits is during the second decade of life. Of 1450 cases

collected by Gowers, 39 per cent commenced during this period ; of 995 cases

collected by Hasse, 36 per cent ; and of 980 cases by McLane Hamilton, 27

per cent. In the remainder of Gowers' cases there were 28 per cent in the

first decade, 14 per cent in the third, and 5 per cent in the fourth decades.

During the second decade the years from thirteen to seventeen inclusive

are most favourable to the onset of epilepsy. Eeynolds pointed out that

when there was a marked hereditary influence, the disease began somewhat
earlier than in those in which no such history was obtained.

Many epileptics give a clear history of convulsions in infancy. In some
the infantile convulsions have never entirely disappeared, and in them a

direct connection may be traced between the early convulsive seizures and
the subsequent epileptic attacks. In others, however, a definite period

intervenes between the subsidence of the convulsions and the onset of true

epilepsy about the time of puberty. Hence the history of so-called " teething

fits " is not at all uncommon amongst those who, towards the end of puberty,

become epileptic.

In about one-third only of the total number of cases of epilepsy is the

presence of an exciting cause obtained. With a view to associate the origin

of their malady with some definite causation, many conjectural circum-

stances are narrated by the patient or his friends, most of which have little

or no direct influence. Of the causes usually assigned, the commonest is

mental emotion, such as worry, fright, and prolonged anxiety.

Traumatism, for instance, blows, falls, or kicks upon the head, much
more commonly leads to convulsions of the Jacksonian type, from local

injury to the brain, than to the production of true epilepsy. But whether

cerebral injury is due directly to traumatic causes, or arises from so-called

idiopathic conditions, such as infantile hemiplegia, convulsions may event-

ually ensue indistinguishable from those of true epilepsy (see " Convulsions,"
" Brain, Surgery of "). These are, however, more local in their commencement,
and affect one side of the body more than the other.

Of the exanthemata scarlatina is the most common cause, apart from

nephritis or cerebral thrombosis arising from middle ear disease. Typhoid
fever and measles are less frequent agents.

There is no clear evidence that secondary syphilis is a factor in the

causation of true epilepsy. The acquired form of this disease occasions con-

vulsions of a Jacksonian type, from characteristic vascular and gummatous
lesions ; though the resulting brain injury may in some cases give rise to

fits indistinguishable from true epilepsy. Epilepsy arising in the subjects

of inherited syphilis is more probably due to a lowered nervous vitality than
to a direct effect of the syphilitic poison.

Masturbation is a symptom of the disordered cerebral state associated with
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some graver forms of epilepsy, and should not be regarded as a causal
agent.

Alcohol is one of the commonest factors in the development of epilepsy

in later life. Eiirstner found that 31 per cent of his cases of delirium
tremens were epileptic ; and Moeli obtained a larger percentage, viz. 36*4

per cent ; though in the alcoholic insane only 10 per cent were epileptic.

The alcoholic tendency and epilepsy are probably both the result of an
inherited neurosis, and do not stand to each other in the relation of cause
and effect.

Symptoms.— The epileptic seizure may be studied under three
headings :

—

1. Le grand Trial.—This is the common or typical form of epilepsy, from
which the disease originally took its name—the " falling sickness." It is

characterised by a sudden and complete loss of consciousness, in which the
patient falls down, and universal convulsions.

2. Le petit trial, consisting of a momentary loss or obscuration of con-

sciousness without evident muscular spasm. It is usually in connection
with this form that the extraordinary acts known as epileptic automatism
are performed.

3. Le petit mal with slight convulsion, the " epilepsia mitior with
evident spasm " of Eeynolds, an important group standing midway between
the big and the little seizure, important chiefly owing to the localised

character of the spasm,"in which respect it resembles the convulsions of

organic cerebral disease.

(1) Le grand mal.—In considering the symptoms which precede an
epileptic seizure, it is necessary to distinguish those which occur some days
or hours before the attack—the prodromal symptoms—from those which
immediately usher it in, the warning or " aura."

There is great variation amongst the premonitory symptoms. In those

cases which present them they are usually of a mental character. Those
who live with epileptics are able to tell precisely when the individual is

Likely to have a fit. On the one hand, some epileptics show abnormal
moroseness, and a morbid irritability leading to frequent quarrels with their

fellows, or a tendency to wander about in a depressed manner. Again,

others show a liveliness which is quite unnatural to them ; while in others

distinct delusions may give indication of the approach of the fit. Head-
ache, giddiness, and loss of appetite may take the place of the mental
phenomena just described.

The " warnings " or " auras " of epileptics are numerous, and their clinical

value is often great, in that they point to the particular area of the brain

in which the discharge commences. They may be described according as

they belong to the sphere of motion, common and special sensations.

Amongst motor auras are many curious, co-ordinated actions, such as

running forwards, or backwards, or turning round ; one patient ran rapidly

round the table and then fell down in a fit ; another would stoop down and
peep under the sofa (Pteynolds) ; another would rapidly retrace his steps and
then fall down (Gowers). Local motor phenomena, such as a definite

muscular spasm in face, leg, or arm, though usually characteristic of organic

cortical disease, is found in the variety of epilepsy designated " epilepsia

mitior " with slight convulsion.

In the region of common sensibility numerous abnormal sensations are

described : tingling or numbness in the extremities ; headache ; a sensation

as of something rising from the stomach (epigastric aura)
;
giddiness, and

feelings referable to the head are also frequent.
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Aurse involving the special senses are of great importance, as they indi-

cate the commencement of the discharge in a special sense cortical area.

There are a few rare cases on record in which a cerebral tumour occasioned a

special sense aura associated with a " dreamy state."

The fit is, for purposes of description, commonly divided into three

stages, which, however, fuse imperceptibly into one another.

First, there is the stage of tonic contraction of the whole muscular
system associated with loss of consciousness and the " fall " of the patient.

The tonic convulsion is usually more marked on one side, so that the head
and eyes are turned to one side ; the body may be actually rotated upon its

long axis, and the limbs of one side are frequently more convulsed than the

other ; there is fixation of the chest from spasm of the intercostal muscles
and diaphragm, this being accompanied by a groaning sound of characteristic

nature, the "epileptic cry"; pallor of the face, followed by a congested
appearance, with dilatation of the pupil and diminution in the force of the

pulse, the whole period lasting about half a minute. This stage quickly

passes into the second or stage of clonic convulsion. Here the muscles
are jerked violently ; the tongue may be protruded between the teeth and
bitten, the bladder and rectum evacuated, and the eyeballs rotated in all

directions ; respiration is impeded by the irregular action of the respiratory

muscles ; the patient foams at the mouth, and the face becomes livid, and
the veins of the neck engorged. In a severe fit death seems imminent from
asphyxia, but when events appear to be at their worst a slackening in

severity occurs, and the stage of resolution is heralded by a return to con-

sciousness. The involuntary convulsive movements are replaced by those
of a voluntary nature, so that the patient may alter his position by turning
round or by sitting up ; on the other hand, movements of a hysterical

character may occur ; or the patient may struggle and fight so that several

attendants are required to hold him down. All these, however, pass off, and
the patient falls into a deep sleep.

The first stage may be said to last from five or ten seconds to half a

minute ; the second from one to two minutes ; the third from five to ten

minutes, according to the nature of the movements. The post-epileptic

sleep may last for an horr or two, but sometimes the patient is sleepy

and dazed for the remainder of the day.

There are a few points to which closer attention may be given.

The pupil, which sometimes shows a preliminary contraction, is usually

dilated during the stage of asphyxia.

The pulse during the second stage becomes tense and increased in

frequency.

The epileptic seizure is usually followed by severe headache, of which
complaint is made on awakening from the period of sleep.

Immediately after the fit the reflexes may be abolished, but this

temporary state is followed by an increase of the knee-jerks, and an ankle
clonus may be obtained.

The temperature may be raised one or two degrees during the epileptic

convulsion. In the event of a status epilepticus supervening the temperature
may rise to hyperpyrexia.

Vomiting may follow an epileptic fit ; in some cases it is a constant
feature. When it occurs it forms an element of danger owing to the risk

of choking.

The secretion of urine is copious, but in other respects it does not differ

from normal.

(2) Le petit mat; a momentary loss of consciousness without obvious
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muscular spasm, a condition to which patients usually apply the terms
" fainting attacks," or attacks in which they feel " dazed," or of " sensations,"

or of temporary loss of memory; or the friends may give an account of

attacks in which the patient " looks queer." These seizures may last from
one to two or five seconds. Should the person be conversing, he suddenly
stops speaking, his face becomes pale, the pupils dilate, and the expression

assumes a " blank " appearance. These are only momentary, and conversation

is resumed as if nothing had happened. If on the other hand the patient

is walking, he may be noticed to stagger slightly, or lean to one side ; but
he rarely falls, or lets an object drop from his hand.

These attacks give no warning of their approach, and pass off without
any consequent dulling of the mind. On the other hand, the loss of con-

sciousness may be accompanied by acts of an involuntary automatic nature.

Hence it is in association more especially with attacks of le petit mal that

the extraordinary actions known as epileptic automatism are observed. For
instance, one patient sometimes turned out the contents of his pockets,

while on other occasions he has been observed to pile the crockery on the

dinner table, while acts of a distinctly aggressive nature are from time

to time recorded. Another invariably took out his watch without knowing
what he did, a very common automatic act, both after slight as well as

severe fits, being the habit of undressing.

Slight attacks unassociated with automatic actions may exist for a long

time and be overlooked. A not uncommon history is that of a person who
has been suddenly seized with a severe epileptic fit ; inquiry into the

previous history shows that he has been subject also to momentary lapses

of consciousness. Or another person, who occasionally suffers from attacks

of le grand mal, may during the intervals of these seizures have frequent

attacks of le petit mal.

(3) Le petit mal with slight convulsion, the " epilepsia mitior with evident

spasm " of Eeynolds.

This form of epilepsy is not uncommon, and, owing to the local nature

of the spasm, the diagnosis from local cerebral disease may at the outset not

be apparent. The convulsion, however, is always associated with temporary

loss of consciousness. The spasmodic element may consist of a momentary
conjugate deviation of the eyes, or of the head and eyes to one side ; or the

limbs may be chiefly involved, an arm may be thrown into slight tonic

convulsion ; or the convulsion may take the form of a hemiplegic jerking

of the arm and leg. In the severer cases there is both a tonic and a clonic

convulsion. In some cases a distinct " sensation," as if the limb were being

moved, may precede or take the place of the actual convulsion. Another
resemblance to Jacksonian epilepsy lies in the fact that the patient is often

aware of the commencement of the attack, though unable to arrest it. These

attacks are of short duration, several often occurring in close sequence, so

that the total number recorded in one day may be large. This form of

epilepsy was commoner in children and young people. The importance of

its recognition lies in the fact that when it occurs during sleep it is a

frequent cause of intermittent " wetting the bed." Owing to the temporary

duration and slight nature of the convulsion the tongue is rarely bitten.

Having now briefly described the form of attack commonly associated

with the term epilepsy, it is necessary to look shortly at several factors

of importance in connection with the disease as a whole.

Eirst, there is the onset and frequency of epileptic attacks. The
time of onset having been referred to under the etiological heading of age,

the manner of onset may be now mentioned. In some cases attacks of
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le petit mat, often unrecognised as epileptic, may precede for years the onset
of a severe fit ; in others, one attack may be seen without any recurrence for

periods varying from a few months to as many years ; or the onset may be
in the form of a series of severe seizures to be followed after an interval by
single fits. The common method of onset is for the initial seizure to be
followed at periods of a week or two, or a month or two, by similar attacks.

As already pointed out, intermittent "wetting of the bed" is highly
suggestive of fits occurring during sleep.

Fits vary much in frequency, from one seizure once or twice a year or

less, up to several dozen in one day. They occur both during waking and
during sleep. A common time for their appearance is the period just before
or just after rising in the morning. Some epileptics only have fits during
sleep, which if slight may go unrecognised for a long time.

Epileptic fits occur both singly and in batches. Usually during the
interval the patient is free both from sensations and subjective symptoms,
and in many instances is perfectly capable of carrying on his work or
profession. At times, however, the fits follow each other with such rapidity
that the condition known as the status epilepticus occurs. Here the patient
passes rapidly out of one attack into another ; and this recurrence may be
so prolonged as to reduce him to a condition of danger, and death not
infrequently ensues.

The study of the periodicity of epileptic fits is of scarcely more than
academic interest. At the epileptic colony it has been found that they
are most frequent in the first hour after getting up in the morning ; while
fits were rare on going to bed. There were considerably more fits durino-

waking than during sleeping hours, and more also in the house than outside.

Secondly, epilepsy has an important relation with the sexual history
in women. It is well known that they are often more frequent about the
time of the menstrual periods ; and the onset of the disease in girls is usually
associated with defect or delay in the starting of the catamenia. Its
relation to pregnancy is variable. This condition has been found to increase
their frequency on the one hand, on the other to diminish or entirely arrest
their occurrence during the period of carrying. Pits have been known to
occur for the first time at quickening. Epilepsy occurring during lactation,

or the frequency of the fits being augmented during that period, are well-
known facts. In one case fits were only seen during lactation following
successive pregnancies, the weaning of the child invariably curing the
disease.

Thirdly, the mental condition of epileptics requires special reference.

It is an important feature of the disease. In this connection there have
to be considered the effects produced upon the mind by the recurrence
of epileptic seizures over a number of years, as well as the attacks of acute
insanity which replace or follow fits in some persons. This is to be studied
along with epileptic insanity described in another article (p. 328).

(a) Either directly as the result of fits arising during infancy, or as
the result of an inherited neurotic condition, epilepsy is closely associated
with idiocy and imbecility. The cases are among the most difficult with
which the physician has to deal. They are invariably dirty in habits,
usually destructive, and always irritable. They can only be treated
satisfactorily in the idiot asylums.

(b) The general mental features of epileptics. There seems to be no
doubt that the constant recurrence of epileptic fits over many years leads,
in the majority of cases, to mental impairment and deterioration. In some
cases it is so slight as to be scarcely perceptible, the only indications
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being a blunting of the memory and a dulling of the finer feelings and
emotions. In others a more pronounced state of dementia exists, characterised

by loss of memory, a slowness of perception and of appreciation of ordinary

circumstances ; a want of initiatory power and inability to effectually carry

out work, unless under direction ; in others, hypochondriasis merging at

times into actual delusional insanity of a temporary character ; in others,

irritability and impulsiveness to an abnormal extent ; while nearly all

epileptics show a morbid religious enthusiasm.

Attention has already been called to the fact that the onset of epilepsy,

or of individual fits or batches of fits, is observed to be preceded for some
days or longer by various mental aberrations, such as unwonted dulness,

hypochondriasis, and loss of memory ; an unusual sense of well-being and
even at times distinct delusions, all of which may disappear under the

influence of treatment.

It has been already stated that an epileptic fit is not uncommonly
followed by symptoms of an hysterical nature. This is the common condition,

and is not necessarily confined to the female sex. In other cases acute mental

symptoms may follow an epileptic seizure, of which the most difficult to deal

with, except in asylums, is acute epileptic mania,—a condition in which the

person may become homicidal or suicidal, or subject to paroxysms of

extraordinary fury and violence requiring restraint.

" Masked " epilepsy is the name given to outbursts of this nature when
there is reason to suppose they replace epileptic seizures.

At the opposite extreme is the acute epileptic dementia, sometimes seen

after a batch of severe fits. Here the patient lies in a semi-conscious state,

requiring to be fed and nursed. In a few days he begins to show response

to external conditions, becoming in some cases subject to temporary

delusional insanity, but usually returning to the original mental condition.

An intermediate form of mental aberration, more easily dealt with and
either replacing or following epileptic attacks, is found in temporary

delusional insanity, sometimes accompanied by morbid eroticism, or by
impulsiveness, or a condition in which " the patient is difficult to manage."

Pathology.—Epilepsy may be fairly stated to be a disease without a morbid
anatomy. Various statements are found in the text-books as to the pathological

conditions described in cases which have died from this affection. But no constant
pathological lesion has been detected. Some of those alleged to be the causal

agent, such as thickening of the bones of the skull, sclerosis of the cornu ammonis,
and depressed spiculse of bone, are coincidental circumstances. Others, such as

engorgement of the cerebral sinuses, and minute hemorrhagic extravasations and
ecchymoses, are found in many other affections, and arise directly from the method
of death, chiefly in coma.

In epileptic insanity, as described by Bevan Lewis, a fatty alteration in the

nuclei of the cells of the second cortical layer, accompanied by cell vacuolation

and disintegration, has been found ; but it is scarcely to be supposed that such a

condition forms the foundation of ordinary cases of epilepsy, as any prolonged
vascular occlusion will bring about degeneration of the neuron.

The facts of experimental physiology clearly point to the cortex of the

cerebrum as the region from which discharge of nervous energy takes place
;

but what is the nature and cause of the periodical hyper-excitability which

leads to an epileptic fit is entirely of a speculative character. That the

clinical phenomena which usher in one attack indicate the locality from

which the discharge originates is now a well-established doctrine. From
this spot the discharge spreads, so that in a severe epileptic seizure the

whole musculature of the body is eventually thrown into convulsions.
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Hence it may be concluded that in cases without convulsion, or in those

in which sudden loss of consciousness is the first symptom, that part of

the cerebral cortex which is related to the mental processes is primarily

involved. If beginning with a definite movement of a limb, the origin is

in the cortical motor zone in which the extremity is represented. In cases

with a special sense-aura it is generally held that the discharge begins in

the cortical area under consideration, as direct evidence has been obtained

from the few cases submitted to pathological examination, in which a

tumour implicating the areas subserving taste and smell gave rise to con-

vulsions preceded by " aurse " of those special senses.

Diagnosis.—The diagnosis of epilepsy is in many cases simple, in others

the difficulty is great, more especially if the attack is being described rather

than observed. An affirmative answer to one of the three following

questions would usually characterise the "fit" as epileptic. During the

attack

—

(1) Did the patient fall down suddenly unconscious ?

(2) Was the tongue bitten ?

(3) Was urine passed involuntarily ?

But a negative reply to these questions does not deny the possibility of

epilepsy. None of these features are found in the variety known as le petit

mal, or in the so-called epileptic automatism. For the diagnosis of these

reliance should be placed upon a consideration of all the facts of the case,

and chiefly upon automatic acts, these being absolutely diagnostic of

epilepsy; but it is often difficult to differentiate between le petit mal
and a " faint " of syncopal nature. The chief diagnostic point lies in the

suddenness both of the onset of, and recovery from, unconsciousness in

"faints" of epileptic nature. A fit occurring during sleep is invariably

epileptic.

Even bearing these points in mind, it is not always easy to differentiate

fits which are epileptic from those of hysterical nature. What appears to

be a definite hysterical seizure may have an epileptic commencement ; in

this way the diagnosis may be difficult, as the epileptic phenomena may
be brief and largely obscured by the hysterical. On this account the

presence of an aura should be ascertained, and the exact mode of commence-
ment of a convulsive seizure. Moreover, the existence of hysteria following

upon an epileptic attack is not confined to the female sex, many male
epileptics showing post - epileptic hysterical symptoms. The following

features may be stated to be characteristic of an hysterical attack in

contradistinction to epilepsy :

—

1. Tongue-biting never occurs, but other parts of the body may be
bitten as well as onlookers ; involuntary micturition is unknown.

2. General struggling, throwing about of the body, kicking, fighting,

etc., instead of the regular tonic, followed by clonic convulsion, of the

epileptic.

3. The duration of the hysterical seizure may extend from a few
minutes to a much longer time; the epileptic fit never exceeds a few
minutes.

4. The epileptic fit terminates in deep sleep, the hysterical seizure at most
in a dazed condition.

Reference has previously been made to the difficulty of distinguishing
le petit mal with slight convulsion from fits due to organic brain disease, in

both instances the fit having a local commencement. Loss of consciousness,

however, marks the attack as an epileptic, as distinguished from a

Jacksonian fit. Should unconsciousness be present in fits arising from

VOL. Ill 21



322 EPILEPSY

cortical irritative disease, other evidence of intracranial new growth will

probably be found.

Most cases of infantile hemiplegia develop epileptic fits at some period

of their existence. These attacks differ in no way from those of idiopathic

epilepsy except in their local commencement, and in the fact that of the

two sides the paralysed is the more extensively convulsed.

A form of epileptic seizure characterised chiefly by vertigo may be
difficult to recognise as of this nature. If evidence of gross intracranial

disease is wanting, or if there is no labyrinthine condition likely to give

rise to it, the following points would indicate its epileptic character :—There
is a periodicity about its onset, it is rarely accompanied by vomiting, such

as characterises auditory vertigo ; there is some, though slight, obscuration

of consciousness, and it is amenable to treatment by the bromides.

An epileptic fit characteristic in all its features occurring in an other-

wise healthy adult person is highly suggestive of intracranial tumour.
Prognosis.—Death during a fit, and as the direct sequence of the con-

vulsion, is rare. Even when the fit is at its worst, and asphyxia seems

imminent, recovery takes place. The epileptic may, however, be killed as

an indirect result ; thus he may fall and fracture the base of the skull, or

he may tumble into water or into the fire. On the other hand, he may be

suffocated by turning on to his face as a result of the convulsion.

The question is often asked, Is there a cure of epilepsy? There is no
doubt that the prolonged and judicious use of the bromides may keep down
the seizures, and in several cases arrest them completely ; but it would be

hazardous to say that in the latter instance the disease was cured. A good
rule to apply in all cases in which bromide is well borne and of benefit is

to continue its use for two years after the last attack, and even then it

should not be suddenly stopped. It is also clear to those who had observed

epileptics under the favourable circumstances of an epileptic colony (vide

" Colonies," p. 324), that change of environment may prove of the greatest

possible service and even arrest the fits ; but it is by no means certain that

on the discharge of the patient from the colony after two or more years'

freedom from attacks there may not be a recurrence under the less favour-

able conditions of daily work and making a living.

The majority of epileptics show in process of time some mental deterior-

ation (see "Epileptic Insanity"). The most favourable cases are those

arising from scarlet fever without renal complications. Night fits are

less influenced by treatment than those occurring only by day, and attacks

of le petit mat are less susceptible to drugs than the severer forms.

Medicinal Treatment.—Since Locock, in 1857, introduced bromide of

jjotassium in the treatment of epilepsy, this remedy and the salts of

bromine with the other alkaline earths have been universally used to

diminish the frequency and severity of the attacks as well as prevent their

recurrence. Bromide of potassium is the remedy most commonly employed,

but a combination of the bromides of potassium, sodium, and ammonium is

of value in many cases. By far the largest number of cases do well under

these salts, only in quite a minority they have no obvious influence upon
the disease. The administration of the bromides should be continued over

a long period of time. In the cases in which the drug is of value, there is

nothing more common than to see a recrudescence of the fits at any break

in its administration. In addition to the effect of bromide upon the fits,

it is also of influence in clearing up the associated mental condition.

Bromide may be administered in several ways, either in doses of 10 to 20

grains three times a day, or half-drachm doses night and morning ; a large
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dose, 40 to 60 grains, given at bedtime is especially recommended in the

case of nocturnal and matutinal fits. Bromide is best administered about

one hour after a meal. Children bear the drug well.

If the onset of the fits is definitely periodic, or if a warning is given

some time before its actual occurrence, a dose of bromide may often arrest

or postpone the attack.
" Bromism " may arise from the prolonged administration of bromides.

This is a condition in which the patient becomes dull and lethargic, the

sensibility blunted, the memory and intelligence impaired, his extremities

cold, the speech slow and saliva often runs from the mouth.
The use of bromide of potassium sometimes leads to an eruption of acne,

a condition which is benefited by the salts of arsenic (see " Bromism ").

Bromide is partly eliminated through the milk secretion, as " bromism '*

has been observed in children suckled by epileptic mothers under treatment

by this drug. Bromide exhibited during pregnancy has no deleterious

influence upon the foetus. Even in the most favourable cases it is not

wise to stop its use until two years have elapsed after the last fit : it may
then be diminished to a dose once or twice a week, the interval between
the doses being gradually prolonged.

Bromide may be satisfactorily combined with some other drug in

special cases. In those with weak cardiac action the combination with
tincture of digitalis is of service, while aconite or chloral may be judiciously

given in those associated with a full and bounding pulse. In the young
and ansemic it should be given along with cod-liver oil or the hypophos-
phites and iron.

It is doubtful whether all the bromide salts are equally efficacious.

Bromide of potassium appears to be the most valuable ; after it come those

of sodium and ammonium. Bromide of strontium, bromide of nickel, and
bromide of camphor have a decidedly less potent action than the alkaline

bromides. A combination of bromide and opium has been suggested, but
it has no special therapeutic advantage.

In a few cases the bromides appear to exert no influence, hence it is

necessary to rely upon other but less efficacious remedies. Perhaps the

most valuable is borax, as recommended by Gowers. This may be given in

doses of 10 to 20 grains thrice daily alone or in combination with bromide.

Numerous other drugs have from time to time been tried, but none of them
possess the specific action of the bromides. Such are belladonna, cannabis
indica, the zinc salts, nitro-glycerine, salicylate of soda, antipyrin, sulphonal,

and a host of other remedies. The use of nitrate of silver, a drug largely

used before the introduction of the bromides, has been almost entirely

discarded.

Errors of refraction are not uncommon amongst epileptics, but it cannot
be said that the correction of astigmatism has ever cured epileptic fits.

Such errors should be corrected when possible, but the medicinal and
general hygienic treatment of the disease should be continued along the
lines already laid down.

A word, in conclusion, may be said upon the diet of epileptics. If an
epileptic has to go about and do the work of the average healthy individual
he requires the ordinary mixed diet of such persons. The vegetarian
regime recommended by some has not been found to possess that minimising
influence upon the number and severity of the seizures which its advocates
predicted. A salutary rule is to allow butcher-meat once daily and to

interdict the use of alcohol, except upon emergencies.1

1 See observations on diet in "Adolescent Insanity," vol. i.
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The method of dealing with epileptics in colonies does not date farther

back than the first half of the present century ; for it was only in 1848
that John Bost, a Protestant clergyman at La Force, near Bordeaux,

founded his homes for the treatment of the feeble-minded, idiots and
epileptics. Since that time the value of the principle of epileptic

colonies, the conception of which would seem to be due to J. Bost, has

taken extensive hold upon those whose care or duty it is to deal with

numbers of epileptics. It is only necessary to refer to the large and
prosperous colony at Bielefeld in Westphalia, founded and extended through

the influence and energies of Pastor Bodelschwingh, and to numerous others

in various parts of Germany, which have arisen during the course of the

past half-century. To mention the names of a few : there are those at

Potsdam, Dalldorf,—Berlin, Stettin, Hubertusburg, and many others in

Germany ; those at Bolle, Zurich, and Berne in Switzerland ; that at

Haarlem in Holland ; and the " asiles " John Bost and de la Teppe in

France ; the Ohio institution, the Craig Colony in New York State, and
many others springing up in other North American States ; and in our own
country, Maghull, near Liverpool, the Meath Home at Godalming, the

colony for epileptics at Chalfont St. Peter, Bucks, which is the property of

the National Society for the Employment of Epileptics, and the colony

founded by the David Lewis Trust at Chelford in Cheshire.

It is necessary at the outset to maintain that the general principle

guiding the formation of colonies for epileptics should be the care, manage-
ment, and treatment of the sane as contrasted with the insane epileptic,

for whom provision is already made in the lunatic asylums. But it is well

known that, owing to the close relationship between epilepsy, idiocy, and
imbecility in early life and with insanity (dementia) in the later years of

an epileptic's existence, it is not always possible to draw this strict line of

demarcation. There are, however, numerous epileptics, seen chiefly in the

out-patient rooms of the hospitals and in the wards of the Poor Law
infirmaries, who, if suitable opportunities were afforded them, would be

capable of carrying on a considerable amount of work towards their own
maintenance. On the other hand, owing to deficient training in youth, or

to inability to obtain regular employment on account of fits, or from the

fact that the epileptic is excluded from many sources of employment, such

as building, engineering, railway work, and so on, the services of the epileptic

artisan are not sought after by the employer of labour. Hence not only

amongst the working classes, but also amongst those in easier circumstances,

the epileptic is found to be a burden to his relatives. Founded, therefore,

upon such facts as these, quite apart from statistical proofs of their exist-

ence, attempts are being made by various institutions, charitable and other,

to endeavour to do something to assist this sorely-afflicted class.

The problem is in process of solution, as already shown by the enormous
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and rapid growth of the colony system. Into these institutions are taken
epileptic children with a view to an education suitable to the peculiarities

of their affliction, and epileptic youths and adults, with the object of

affording them employment of a kind especially favourable to their disease

;

by which means it is hoped to ward off or delay the downward tendency
towards dementia which is characteristic of most cases of severe or pro-
longed epilepsy.

Plan of an Epileptic Colony.—A properly designed epileptic colony
should consist of various departments, each under the supervision of a
competent head, the whole administrative control being under the care of

a fully-qualified medical man. For not only have the inmates to be
governed and educated, and have work apportioned to them according to

their mental and physical capabilities, but they are sufferers from a disease

having special peculiarities and characters which it is the business of a

medical man to study and control. The colony should consist of :

—

1. Eesidential buildings of the villa type, each to hold from 18 to 24 or 30
inmates. Each building should be complete in itself in so far as all domestic
and sanitary matters are concerned. In charge of each should be a competent
housekeeper. The houses for the males should be entirely distinct from those for
females, and preferably at some distance from each other.

2. Farm, market garden, farm buildings, etc., and the bailiff's house. There is

no form of outdoor work upon a farm or garden from which an epileptic may be
debarred.

3. Workshops, such as carpenter's shop, the smithy, bootmaker's, tailor's,

laundry, etc.

4. The schools, which should be attached to the residences of the children.
5. The sick-house.—This is an essential element of an epileptic colony. Many

epileptics become patients after their attacks, and require careful nursing and
attention, and in some cases restraint. Hence the possession of a padded-room
is an important feature in the sick-house arrangements.

6. An infirmary for the old and demented.—It would appear as if this became
a necessity in a colony as time goes' on. Those in England have not been
sufficiently long established for this necessity to have arisen ; but in the older
colonies on the Continent it has been found beneficial to transfer the aged and
infirm to such a building rather than to an asylum.

7. The administrative department, consisting of the residence of the Super-
intendent and Matron, the general offices, and other necessary departments.

The Financing of an Epileptic Colony.—There are several ways by which
money may be raised to originate, support, and maintain these institutions.

The first place is given to charitable contributions. Although money may be
obtained from the sources to be immediately mentioned, it is necessary that this
should form an important element in the financing of a young and developing
colony.

_
2. By payments from the School authorities.—The education of the epileptic

child falls as much under the care of the educational authorities as that of normal
individuals. It is advisable, however, that in the majority of cases the epileptic
should be educated apart from the non-epileptic, although there are individual
instances which may be excluded from this general statement.

It has been suggested, and arrangements are likely to be made for the purpose,
that the schooling of epileptic children of the poorer classes should be carried
out in colonies for epileptics. From the purely medical side the following
conditions appear to favour the separation of epileptic from healthy children.
(a) Great frequency or severity of the seizures, even though there be no marked
impairment of intellect. (6) If along with epilepsy there exists feeble-mindedness,
but without actual idiocy or imbecility.

If there be no intellectual blunting, and the fits occur at long intervals or only
at night, there is no indication to education apart from other children.

3. By payments from Boards of Guardians.—Owing to the detention in work-
house infirmaries of numbers of epileptics, many of whom are sane, able-bodied, and
capable of work under direction, the guardians should have the power to pay for
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and maintain, such persons in epileptic colonies, where their services may be use-
fully employed, and their disease treated upon physiological lines, so that they
may be placed under the most favourable conditions for the amelioration of their
disease and possible recovery.

But as a matter of much importance, it should be in the powerof Boards of
Guardians to assist the relatives to maintain an epileptic member of their family
at one of the colonies without at the same time pauperising such individuals.

4. By the payment of colonists.—This is an important item, and a necessary
one in the early stages of an unendowed colony. In some institutions three
grades of colonists are admitted : the first, a highly-paying class, pay sufficient to
cover their own expenses as well as to assist those of the third class, who are most
likely unable to meet the full outlay required for their keep. The second or
intermediate class merely cover their expenses by their payments.

In course of time the industrial or farming operations ought, under judicious
care and management, to cover their own expenses, and perhaps afford a small
balance of profit ; but in a colony in full working order, with the necessary
superintendent, heads of departments, instructors, nurses, attendants, and servants,
it is scarcely likely that the whole can be maintained without financial assistance
from outside.

Influence of the Colony System upon Epileptics.—The remarks which
follow are based on observations upon the epileptics at the colony belonging

to the National Society for the Employment of Epileptics at the farm at

Chalfont St. Peter, Bucks.

The guiding principles of the management of epileptics in colonies

are :

—

(1) Eemoval of the epileptic from the town to the country.—The
observations which have been made on this point during the colony's

existence amply testify to the good which this change is capable of pro-

ducing. Many of the colonists arrive in a state of mental and physical

debility out of all proportion to the frequency or severity of the epileptic

seizures. Under these conditions it is impossible to put them upon full

work. In a short time, however, aided no doubt by other ameliorating

circumstances, the colonist is able to do his share, and to be the better of

doing it.

(2) Eegular employment.—This is a factor of the utmost importance,

more especially when it is borne in mind that inability to obtain work,

which is the common history before admission, has a bad influence upon the

general condition of the epileptic. The epileptic is, as a rule, of a hopeful

nature, and unless he is reduced by the disease to a state of permanent
dementia, believes himself capable of effecting good and useful work.

Encouragement in this direction is one of the objects of the colony system.

Acting upon various observations which have from time to time been made,

it is attempted to give each colonist that kind of work to which he most

readily adapts himself, without at the same time confining him either to

outdoor or indoor employment.

(3 and 4) A well-ordered and regular mode of life, with avoidance of

excitement and abstinence from alcoholic liquors, and abundance of nourish-

ment of a simple nature, are points which do not require more than to he

mentioned.

I may now briefly consider the effect of such general care and treatment

upon the individual epileptics, and for this purpose look at it from the

following points of view :

—

1. Frequency of the Fits.—In the majority a marked diminution in the number
of the attacks is observed after admission to the colony. This is probably due
directly to the removal of the epileptic from bad hygienic surroundings in the

town to a pure country air, with abundance of simple diet and a well-regulated

regime. In a minority there is a temporary increase in the number of fits, which



EPILEPTIC COLONIES 327

may be due to the fact that previously to admission larger doses of bromide have
been taken, this being entirely withdrawn except for a small dose at bedtime.

In both instances after a short time the average number of fits is struck, and this

is found to vary largely in different cases. The greater number of fits occur

during the day, and by far the commonest time is during the first hour after

rising in the morning. The attendants have found that fits are rare on going to

bed, and that as a rule the patients are much better and brighter during the

evening. A point of some interest is that more fits occur in the house than
outside in the garden or fields, and this apart from greater difficulty in registering

the number outside.

2. Severity of the Fits.—Here, again, there is a majority in which an ameliora-

tion in the severity of the attacks occurs, while in a minority no material

alteration is noticed, and in some a decided tendency towards increase in severity.

Upon this point, however, it is more difficult to obtain accurate observations.

In some of the colonists severe fits gave place to attacks of petit mal ; in others,

attacks of an average nature became more severe.

3. General Mental State.—In quite a minority there has been a progressive

tendency towards dementia. In some it appeared to be the natural course of the

disease. In others it was owing to the frequency and severity of the fits, or

of both combined. In the greater number no such mental deterioration has been
observed. On the whole, the mental state of the colonists, considering^ the

duration of the disease, is good. Some of them are capable of work requiring

individual alertness and tact, while most are able to do good work under super-

vision. But the greatest benefit which this system of treatment is capable of

producing lies in the general moral effect which it has upon the individuals.

These persons amongst the poorer classes are in many instances regarded as
" family lepers," the outcasts of the community, between whom and their relatives

there is little sympathy. In a colony each epileptic is readily brought to see that

he is as useful a person as his more highly favoured brother if placed under
proper conditions. Here interest is taken in his work, in his mode of life, and
in his amusements, with the natural result that he takes greater interest in

himself, and obtains a feeling of higher self-respect.

4. General Physical State.—It is under this heading that the greatest improve-
ment has been noticed. Without exception the general health of each colonist

has materially improved. They all put on weight, and this notwithstanding the

fact that they may be subject to frequent and even severe fits.

It is obvious that discretion should be used in the selection of

applicants. The points to which attention is specially directed are :

—

Has the epileptic been unable to obtain employment owing to the

frequency or severity of the seizures? Is he (or she) capable of work
under direction ? And it is clearly of importance to avoid selecting cases

which show indications of violence, mania, or other symptoms indicating

insanity.

The general experience at the colony has proved that the younger the

epileptic, and the shorter the interval between the onset of epilepsy and
admission to the colony, the more favourable and satisfactory is the

influence of this system upon the course of the disease. It would also

appear as if female epileptics responded more favourably to the system than

the male sex.

By way of conclusion, a summary of the evidence collected by the

Charity Organisation Society frotn the results of this method of treating

epileptics in the colonies on the Continent may be quoted :
—

" Any attempt

to provide for the treatment of epilepsy, if large numbers have to be

considered, should combine school-teaching with medical treatment and
supervision. For young persons and adults regular but not too laborious

employment is necessary. For all alike, for the furtherance of self-control,

and for healthy enjoyment, a well-ordered home life is required, and these

the colony system provides. Medically, if the serious nature of the disease

be taken into account, the colony system produces the best results. For
the worst cases, and to provide against the constant ailments of many of
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the colonists, hospital accommodation is necessary. This system will have
to furnish accommodation suitable for patients of all classes, the highest,

who may wish to have the best fare and rooms, and the lowest. The
growth of the colony system is remarkable. It meets a very widely-felt

need."

LITERATURE.— 1. The Epileptic and Crippled, Charity Organisation Series, London,
1893.—2. Turner. "The Care and Management of Epileptics in Colonies," Lancet, 1897.

—

3. Lord. "The Care of the Epileptic, " Journal of Mental Science, 1899.—4. The Annual
Reports of the National Society for the Employment of Epileptics.—5. The Reports of the Craig
Colony, New York.—6. Report of the Meath Home, 1898.—7. Peterson. "Colonies for

Epileptics, " Medical Journal, Philadelphia, 1898.

Epileptic Insanity.—Although epileptic insanity is a term justi-

fied by long usage and by the fact that it has certain well-defined features, it must
be clearly understood that there is no group of mental symptoms pathognomonic of

epilepsy. But if the more prominent ones are present and combined with certain

facial characters, a strikingly complete clinical picture is presented, which the
observer, having once seen, cannot fail to recognise as that of an epileptic imbecile
or dement.

For mental enfeeblement may be said to be the predominating feature of insanity

associated with epilepsy, and may be said to be further characterised by manifesta-
tions of general irritability and impulsiveness. Frequently with this is combined
an exhibition of perverted frothy religiosity, a tendency to quote Scripture and
hold improvised miniature services. A group of worshippers gathered around a
garrulous, incoherent preacher in the exercising ground of an asylum may safely

be diagnosed as epileptics. Next to cases of dipsomania they betray a degree of

cunning and mendacity unequalled by any other class of insane patient, and in

them more than any other class is the gregarious instinct shown. Towards their

own affection they manifest a curious optimism—a refusal to confess that the fits

really occur, or an ever ready belief that they have had their last fit, coupled with
an entire disregard for any of the risks which, their malady daily necessitates their

running. If certain few and rare cases be excepted, in whom during the course of

a lifetime occasional fits occur in such a sporadic fashion as to fail to produce any
permanent mental clouding—indeed they have occurred in some of the most
prominent role bearers of history—if these be excepted, it may be truly said that
the goal of all epilepsies is towards mental enfeeblement. The_ character and
depth of this enfeeblement largely depend upon the age of the patient at the time
of its commencement. If such be before or during the developmental period the

result is a condition of either imbecility or idiocy, according to the amount of

normal mental development that had already taken place; if subsequent to that

period, the resulting condition is that of dementia, the degree of which varies from
simple blunting or clouding of the keener mental faculties on to illustrations of the
most profound depths of dementia. The physiognomy, as in other varieties of mental
disease, reflects this, but in addition often presents certain special characters ; the

skin frequently becomes coarse and persistently greasy, and is apt to assume a

dirty hue or pallor, while the features may become thickened and ungainly, apart
from the consequences of falls during the fits, which curiously so often result in

repeated laceration of the same area ; conjoined with this, and probably owning a
common origin, the neck is prone to become thickened, giving it a short, bull-like

appearance.
States of mental enfeeblement, however, by no means exhaust all the conditions

under which epileptic insanity manifests itself. It is true they form the main
underlying stratum, and may be of sufficient depth to themselves bring the

patient under asylum control ; but far more frequently a case of epilepsy is

certified as insane as the result of the appearance of certain other mental symp-
toms, which may be regarded as adventitious. Such may be in the direction of

depression, and constitute epileptic melancholia with or
_
without suicidal pro-

clivities ; or the reductions may be deeper and result in various maniacal outbursts,

sometimes slight, sometimes so grave as to include the severest of all forms of

delirium and frenzy, with homicidal attempts. These phases may or may not be

accompanied by hallucinations, often of a most distressing character, and which
may affect one or all the senses ; in addition to those of hearing and sight which
are the commonest, formications are especially frequent among the epileptic

insane. It is among them, too, that the best examples of illusions may perhaps be
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found, which fact may possibly explain their tendency to make the most barefaced,
unfounded charges. Associated with the above is the development of numerous
delusions, usually in the direction of suspicion and persecution, not systematised,

but more or less fleeting and changeable, and it is frequently upon these as a basis

that many of the insane impulses of epileptics, often of a most terrible nature, are
actuated. Such acts may, however, be examples of epileptic automatism. Stu2)or

of the anergic variety is another very common phase, often broken in upon by
brief intermissions of motor restlessness and jactitation. These adventitious
mental symptoms may precede or, as is more customary, follow a fit or series of

fits, or may occur in both these relationships, or, again, may appear to take the
place of and represent the convulsions. The last relationship has been doubted,
but it is certain that in some instances where the occurrence of fits shows a definite

periodicity, an outcrop of mental symptoms occasionally occurs and apparently
replaces a series of fits which, by experience of the case, those in attendance had
learned to then expect ; this manifestation has been dignified by the appellation
of a special term

—

epilepsie larvee.

In by far the majority of cases the epileptic neurosis commences before the
completion of the developmental period (25), but there are certain rare instances
where, after the insanity has existed many years and dementia has supervened, the
patient begins to have typical and regularly recurring epileptic fits. Another rare
relationship of epilepsy to insanity is in a variety of melancholia (convulsive), in
the course of which a few, perhaps three or four, fits occur in a patient who has
passed the developmental period and was not previously the subject of epilepsy
(Clouston). Nor must mention be omitted of cases of alcoholic insanity in middle
life who develop fits, which recur at longer or shorter intervals, and in whom,
contrary to the previous variety, the prognosis is hopeful.

The epileptic insane do not live long lives, and a large proportion either
succumb to or die with pulmonary tuberculosis.

The diagnosis of epileptic insanity is not as a rule difficult. Certain cases sent
in to an asylum as epileptics subsequently prove themselves to be examples of

general paralysis,—a mistake readily made in the absence of adequate history and
the presence, perhaps, of only a few faint tremors and a doubtful pupillary
abnormality to suggest the latter malady. The diagnosis from hysteroid attacks is

referred to in the article on " Epilepsy." Acts, especially of violence and crime,
committed, as far as can be ascertained, in a state of false consciousness by a person
who hitherto had been free from fits, present great difficulty, and, when involving
medico-legal aspects as they so often do, the medical expert requires some courage
to definitely diagnose them as manifestations of masked epilepsy {epilepsie larvee).

The treatment of epileptic insanity does not medicinally differ from that described
above under "Epilepsy." The bromide of potassium alone, or combined with those of

ammonium and sodium, or, of more recent advocacy, the bromide of strontium, may
be with advantage administered in doses increased up to thirty or forty grains
thrice daily, immediately after food, and, to yield their full benefit, should be given
regularly over long periods, indeed they should be used as an article of diet. They
diminish both the number and severity of the fits, and have a salutary effect upon
the frequency and character of the mental phenomena. Where maniacal excite-

ment is continued over long intervals, Indian hemp in half-drachm doses of the
tincture should be added. For more urgent use, such as in the control of fui'ious

maniacal outbursts, chloral is invaluable, especially when the patient is separated
from the ward to the quietude of a single room. This drug is also our mainstay in

the cutting short of a status epilepticus ; in this condition it should be administered
per rectum, and one large dose (40 to 60 grains) is less dangerous than several
repeated moderate doses. Its cardio-depressant action may be counteracted by
the conjoined administration of brandy, with perhaps a subcutaneous injection of
atropine. As to food, where the dietary is generous, the use of animal food should
be limited, but it must be sufficient to replace tissue waste where resort is had to
much out-door manual labour,—a most valuable mode of treatment, and one for
which Colonies are gradually coming into vogue. Strict attention should be
paid to the bowels and excretory functions in general ; indeed, many, hold that
certain cases of epilepsy with or without mental phenomena are auto-toxic from an
overladen gastro-intestinal tract, or one whose chemistry is faulty. Much tact and
moral persuasion is needed in the successful management of a ward where a number
of epileptics are together ; listen and return a non-controversial answer is a good
axiom. Their gregarious instinct may be profitably utilised, for there is no class

of patient so ready to succour a similarly afflicted comrade. Their tendency to
quarrelsomeness and pugnacity may be minimised by an ample allowance of floor-
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area, in other words epileptics require elbow-room. The recovery rate among this
class of patient is considerably less than among the remainder of a mixed asylum
population, but is sufficiently large to encourage every possible effort of those in
charge of them.

Epiphoron. See Lachrymal Gland.

Epiphyses.—The injuries and diseases of the individual epiphyses

will be referred to in the articles dealing with the different segments
of the skeleton, e.g. shoulder, elbow, hip, etc. ; the present article is con-

cerned with certain general considerations. Any account of the surgery of

the epiphyses must refer, not only to the independent centres of ossification

known as epiphyses, and the disc of cartilage by means of which they are

united to the shaft, but also to the zone of active ossification on the

diaphysial aspect of the disc, known as the ossifying junction or bulb of the

bone. It is by involvement of the latter that injuries and diseases of the
epiphyses may seriously interfere with the growth of the bone concerned

;

this interference will vary with the nature and extent of the lesion, with
the physiological importance of the epiphysial junction, and with the

amount of work which remains to be done before the skeleton attains

maturity, or, in other words, with the age at which the lesion occurs.

The variation in the physiological importance of epiphysial junctions

may be illustrated by referring to those at the knee, which contribute a

great deal more to the length of the lower limb than do those at the hip or

ankle, while the former are the last to unite with their respective shafts ; in

the upper limb this arrangement is reversed, for the more actively function-

ating epiphysial junctions are met with at the shoulder and wrist, which,

like those at the knee, are also the last to unite. Again, the results of

interference with growth will be more injurious in the lower than in the

upper limb, because, from the functional point of view, it is essential that

the lower extremities should be, approximately, of equal length. Similarly,

the interference with growth of one of two parallel bones, e.g. in the forearm

or leg, is most undesirable, for if the growth of one of them is arrested while

that of the other continues, there results a deviation of the hand or foot to

one or other side. It occasionally happens that the interference with the

ossifying junction results in increased activity of growth, and increase in

length of the bone concerned.

It is also important to bear in mind the anatomical relationships of any
epiphysis to the adjacent joint, for the latter may be implicated by any
injury or disease affecting the former ; the part played by injury in this

relation is well illustrated at the elbow, where epiphysial separation at the

lower end of the humerus may seriously impair the future usefulness of the

joint ; the best illustration of disease in an epiphysis or at the junction with

the shaft affecting the adjacent joint is found at the upper end of the femur,

where the epiphysial junction is entirely intra -articular. The structural

relationships of the epiphyses are such as render them liable to certain special

forms of injury which, in patients under twenty-one years of age,take the place

of fractures of the joint ends of bones and of the dislocations of adult life.

The arrangement of the blood-vessels in the epiphyses and at the

ossifying junctions is such as favours the development of bacterial diseases,

and the complicated nature of the histological changes at the epiphysial

junctions during the period of growth probably plays an important part in the

liability of the tissues concerned to give rise to new growths of the bony,

cartilaginous, and sarcomatous types.
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Injuries.—Epiphysial sprains and incomplete separation of epiphyses

are common enough in infants, but owing to the absence of displacement

they often escape notice, especially in mild cases ; they are chiefly of import-

ance in favouring the development and localisation of bacterial diseases at

the time of the injury or at any subsequent period.

Complete separation of an epiphysis may take place through the

epiphysial cartilaginous disc, or exactly at the epiphysial junction, so that

the cartilaginous disc clings to the epiphysis, or through the ossifying junction,

so that part of the young bone belonging to the shaft remains attached to

the epiphysis. The last of these, which is also called epiphysiary fracture,

is by far the most common. The displacement of the separated epiphysis

may be complete or incomplete ; it largely depends on whether the periosteum

is or is not torn, and on the degree and nature of the violence. Dislocation

of the epiphysis from its articular relations is exceedingly rare.

Epiphysial separations may be simple or compound ; in the latter the

end of the shaft is usually stripped of periosteum, and protrudes through the

skin. Separation of the epiphysis may be complicated with partial, often

splintered fracture of the adjacent shaft, or with fracture of the epiphysis

itself, with injury to blood-vessels, nerves, muscles, tendons ; separation of

the lower femoral epiphysis is a good example of one attended with injury

to the adjacent (popliteal) vessels and nerves.

The violence causing separation of epiphysis is usually indirect, such as

falling on the feet or hands from a height, entanglement of the limb in the

wheel of a vehicle, violent traction on the limb, attempting the reduction

of deformities, e.g. that left by tubercular disease of the knee. They may
also result from direct violence. The frequency as to age varies with the

individual epiphysis, but the majority are met with between the ages of

11 or 12 and 18 years. The adjoining table of the times of union of the

different epiphyses is copied from Poland's valuable work :

—

Upper epiphysis of radius .

Olecranon epiphysis of ulna
The lower epiphysis of humerus
The internal epicondyle of humerus
Phalanges of toes
Phalanges of fingers.

Lower epiphysis of ulna
Metacarpals .

Upper epiphysis of humerus
Lower epiphysis of radius
Epiphysis of clavicle

Lesser trochanter
Great trochanter
Metatarsals .

Head of femur
Lower epiphysis of tibia

Lower epiphysis of fibula

Upper epiphysis of fibula

Upper epiphysis of tibia

Lower epiphysis of femur

At the 16th year.

Between 16th and 17th years.

At the 17th year.

At the 18th year.

Between 17th and 20th years.

Between 18th and 20th years.

Between 18th and 20th years.

About the 20th year.

Between 18th and 22nd years.

Between 19th and 23rd years.

Between 22nd and 25th years.

At the 18th year.

Between 18th and 19th years.

Between 19th and 20th years.

At the 19th year.

Between 18th and 19th years.

Between 19th and 21st years.

Between 20th and 22nd years.

Between 21st and 22nd years.

Between 20th and 23rd years.

The order of frequency obtained from recorded cases is as follows :—(1)

The lower femoral, (2) the lower radial, (3) the upper humeral, (4) the

lower humeral, (5) the lower tibial, (6) the upper tibial epiphysis. The
male sex shows an enormous preponderance, doubtless from the greater

exposure to injury between the ages of 11 and 18, during which period

the majority of separations occur.

The repair of the injury is usually quite satisfactory; non-union is
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extremely rare ; deformity from vicious union, exuberant callus interfering

with an adjacent joint, and interference with the subsequent growth of the

bone involved, are exceptional.

Pathological or spontaneous separation of epiphyses, like spontaneous

fractures, are the result of diseased conditions, which in the case of the

former are chiefly localised at the epiphysial junctions ; they include rickets,

scurvy, inherited syphilis, suppuration, tuberculosis, and sarcoma, and need
not be further referred to in this place, as they are described under separate

heads (Bones, Joints, and the Individual Joints).

Epispadias. See Penis, Hermaphrodism.

Epistaxis.
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See Haemoptysis, Hematemesis, Hemophilia, Haemorrhage.

Definition.—The escape of blood from the mucous membrane of the nose.

Frequency.—Pliny expresses the opinion that "man is the only
creature from whom blood flows at the nostrils." Only excepting menstrua-
tion, there is no hemorrhage of greater frequency and none regarded with
less concern by the public mind. Occasionally it causes anxiety, more often

it is welcomed, and generally the bleeding is forgotten as soon as it has
ceased. For this latter reason it is difficult to obtain very accurate

statistics as to the frequency of epistaxis.

From a consideration of a large mass of statistics based upon questions

put to many hundreds of patients of both sexes, of all ages, and of all con-

ditions of health, the writer found that one hundred and forty-two per

thousand had recollections of blood dropping from the nose ; and that it was
of rather more frequent occurrence in the male sex.

Age.—The periods of life during which it is most prone to occur were
found to be between the ages of 10 and 25, and after 55.

Pathogenesis.—Epistaxis occurs in one of two ways. Blood may escape from
the veins and capillaries by diapedesis, in which case the loss of blood is gradual,
and although not great at any one time, yet if the diapedesis is long continued or
often repeated, in the aggregate the loss may be serious. The other way in which
epistaxis may occur is by rupture of a blood-vessel ; the onset is then more sudden
and more copious, but the total amount of blood lost is not necessarily greater than
by diapedesis. In this latter way only can the bleeding be arterial.

Epistaxis by diapedesis implies increased blood -pressure in the veins and
capillaries, or increased permeability of the walls of the vessels. The increased
permeability of the vessel wall may be due to defective nutrition (blood diseases) :

to the introduction of certain poisons or poisonous products into the blood
(infectious fevers, toxsemic affections, phosphorus poisoning) ; or to a defect in the
vessel wall which may be congenital, as in the case of so-called "bleeders"
(haemophilia), or acquired, as in purpura or scurvy.

Epistaxis through rupture of a vessel is usually traumatic, rupture may result
from increased blood-pressure in senile and degenerate vessels, or vessels may be
laid open by ulceration and new growths.

The bleeding point in the vast majority of cases, and certainly of those due to
constitutional causes, is to be found in the anterior and lower part of the
cartilaginous septum. At this spot there is a very free anastomosis of the
terminal twigs of the vessels supplying the septum. Other parts of the nasal
chambers in the lower animals as well as in man, however, are equally rich in
blood-vessels, so that vascularity in itself does not serve to adequately explain
the proclivity of the blood-vessels at this spot in man to allow blood to escape
so often, and apparently with so little provocation. A consideration of the
development of the nose led the writer to offer the following as a further explana-
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tion. The structures entering into the formation of the septum are subject to
delayed or excessive development, and their developmental activity continues
not only up to puberty, but in a greater or less degree for some years after, as
evidenced by the formation of ridges and spurs. In consequence the blood-supply
to this region is carried partly by newly-formed vessels, these are more easily
torn and more readily permit diapedesis to take place.

The human face in comparison with that of the lower animals is characterised
by being extended vertically instead of horizontally. This characteristic is

determined by the development of the septum. In the foregoing remarks we have
a corollary to the opinion expressed by Pliny, and quoted above, " that man is

the only creature from whom blood flows from the nostrils."

Etiology.—Epistaxis may be primary, i.e. arising from some abnormal
condition in the nose, and therefore local in origin ; or secondary, i.e. arising

from some abnormal constitutional condition.

Amongst the primary or local causes, excepting developmental, the most
frequent is traumatism. The injury may be direct or indirect ; it may be
excited by the introduction of foreign bodies into the nostril, as is often
a habit with children ; by picking the nose, at times resorted to by those
who have experienced relief from an epistaxis in order to artificially induce
another, or by a blow directly upon the nose ; when the blow is sufficient to
cause fracture of the septum the haemorrhage may be more than an
epistaxis, or it may be entirely a submucous haemorrhage or haematoma.
Amongst the indirect injuries fracture of the base of skull passing through
the anterior or middle fossa may give rise to epistaxis.

All diseases of the nose, including nasal polypi, must be considered amongst
the local causes. The separation of crusts which have formed upon the nasal
mucous membrane may lead to erosion and ulceration from which epistaxis

may occur. The ulceration produced by syphilis, lupus, leprosy, and tuber-
culosis seldom occasions epistaxis by a direct extension to the blood-vessels.

Of all local conditions neoplasms are more particularly liable to give rise

to very violent attacks of haemorrhage. Especially the fibromata, fibro-

sarcomata, the angeio- and myxo-sarcomata, and the carcinomata.

The changes produced in the nasal mucosa by the presence of bacteria,

as in nasal diphtheria, may be accompanied by considerable epistaxis.

Epistaxis occurring without any apparent local cause about the years of
puberty calls for special attention, partly on account of its periodicity and
frequency, and partly on account of the significance and etiology that has
been attached to it. Those attacked are usually in normal health, some are

plethoric and some anaemic. It has been described as habitual, as the
epistaxis of puberty, and as vicarious epistaxis. There is evidence to show
that some relationship exists between the generative function and epistaxis.

Epistaxis undoubtedly may precede a menstrual flow, or accompany or follow
one, or the menstrual flow may be entirely replaced by an epistaxis. On the
other hand there is also evidence to show that other regions of the body are
more frequently than the nose the seats of vicarious haemorrhage. It is as

well, therefore, to hesitate before too readily assigning a vicarious character to

epistaxis. For reasons stated in discussing the pathogenesis the term develop-

mental epistaxis would, perhaps, more completely cover this group of cases.

The constitutional conditions predisposing to epistaxis are blood diseases

and those diseases giving rise to a hemorrhagic diathesis, such as leukaemia,
scurvy, purpura haemorrhagica, haemophilia. The infectious fevers, which
may assume haemorrhagic characters, at times are ushered in by an epistaxis

;

this is peculiarly so with typhoid. Conditions leading to venous obstruction
or increased arterial tension are important factors; in illustration of the
former mention may be made of tumours of the neck, whooping-cough,
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mitral stenosis, hepatic cirrhosis ; and as illustrating the latter, hypertrophy
of the left ventricle of the heart and renal disease.

Symptomatology.—Premonitory symptoms at times are experienced, a

feeling of pressure and fulness within the head, frontal headache, dizziness,

drowsiness, and tinnitus ; these symptoms are met with in others besides

those of plethoric habit.

The bleeding from the nostril in the majority of cases is trivial and in

drops of a dark colour. If the bleeding is sufficiently profuse as to flow

in a continuous stream it is probably arterial, occasioned by the rupture

or ulceration of a small artery.

The blood at times, according to the position of the head and the pro-

fuseness of the bleeding, may pass backwards and over the septum, and
escape from the other nostril, or it may pass into the throat and be coughed
up, simulating an haemoptysis.

The symptoms resulting from an epistaxis will be determined entirely

by the amount of blood lost and the condition of the patient previous to

the haemorrhage. After a prolonged but gradual bleeding, anaemia may
ensue ; if the haemorrhage is short and sudden but severe, syncope may
occur, during which there is the possible danger of blood finding its way
into the air-passages.

The local signs of a recent epistaxis are a sodden condition in the neigh-

bourhood of the bleeding point, and crusts that have formed in the clotting.

Diagnosis.—It is impossible to lay too much stress upon the importance

of looking for the bleeding point. In this way only is it possible to

ascertain the real nature and significance of an epistaxis.

An anterior or a posterior rhinoscopy will generally enable one to decide

whether the bleeding comes from either or both nostrils, or from the post-

nasal space, and what steps should be taken for its arrest.

By the blood passing Backwards into the pharynx, or being swallowed, a

true epistaxis may simulate haemoptysis or haematemesis. On the other

hand, blood from the stomach or air-passages, by the act of vomiting or

coughing, may be forced into the posterior nares and suggest an epistaxis.

It will often have to be decided by rhinoscopy whether the haemorrhage

arises in the nose or the post-nasal space.

Local Treatment.—There are times when an escape of blood from the

nostrils is salutary, and the question then to be considered will be whether

it is advisable to interfere. Having regard to the frequency of epistaxis

the number of occasions surgical skill is called for to arrest it is com-

paratively small. In the majority of cases homely remedies are sufficient.

Failing these we have a long array of astringent drugs and haemostatics to fall

back upon. The solutions to be effectual must be concentrated, and carried

directly to the bleeding point; during the haemorrhage this is seldom

practicable. Moreover, there is the danger with concentrated solutions of

permanently injuring other parts of the nasal mucous membrane. After

the haemorrhage has ceased, however, haemostatics are of service in sealing

off a bleeding point and preventing a recurrence.

"When the bleeding is due to an erosion or rupture of a small vessel on

the septum a plug of cotton-wool inserted into the nostril together with

digital pressure exercised from without, will generally bring about an arrest

of the haemorrhage. The lateral posture, with the head inclined slightly

forward and the bleeding nostril uppermost, is the best. In this position

blood flows less readily into the pharynx, and coagulation is more speedily

obtained. The healing process can subsequently be accelerated by the

application to the bleeding point of chromic acid fused on the end of a probe
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in consequence of which a reactive inflammation and subsequent cicatrisation

is induced. A similar result may be obtained by gently stroking the part with
the galvano-cautery, using a flat blade which should be kept at only a dull
red heat.

"When the haemorrhage is more severe and the bleeding point farther
back, and, perhaps, resulting from a surgical operation, the nostril can be
packed. To do this one seldom has to resort to the use of any of the many
surgical appliances ingeniously designed for the purpose. Packing is readily
done with a strip of gauze from half an inch to an inch in width, impregnated
with an antiseptic, and wrung out in an antiseptic solution. "With the
help of a nasal speculum the end of a strip is carried on a pair of nasal
forceps as far back into the nostril as possible, the strip is then gradually
and neatly packed away. The nostril is thus plugged from behind forwards.
The strip should be removed after twenty-four hours, and the nostril, if

necessary, repacked.

In the case of haemorrhage persisting after a surgical operation, it is as
well to syringe the nostril with cold water, and ascertain by inspection
whether the bleeding is kept up by any tag of tissue not completely severed.

General Treatment.—In deciding upon the measures to be adopted to
arrest an epistaxis it is important to bear in mind that the haemorrhage is

frequently but a local manifestation of a constitutional condition calling for

treatment. The employment of appropriate general therapeutic means then
becomes of the first importance.

Epulis. See Jaws.
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See Cerebellum, Vertigo.

Physiology.— The mechanism which is concerned in maintaining our
bodies in a state of equilibrium, both during station and locomotion, and
which provides for the due co-ordination of our various movements, is very
complex, and our knowledge of the subject is meagre. There is a central
apparatus, together with afferent and efferent channels, which convey
impulses to and from it ; and on the integrity of this machinery as a whole,
and on the harmonious working of its component parts, the maintenance of
equilibrium depends. The afferent channels are sensory nerves from the
skin, muscles, and joints, special sense nerves, such as that of sight and
hearing, and especially the vestibular portion of the auditory nerve which
receives impressions from the ampullae of the semicircular canals, and from
the utricle and saccule, and visceral and other nerves, which convey obscure
impulses from the viscera and other tissues. The precise paths in the spinal
cord by which the afferent impulses reach the central apparatus, and what
parts of the central nervous system are comprised in the central portion of
the machinery, are all points that are very imperfectly known. The posterior
columns of the cord are certainly concerned, as are probably the cerebellar
tracts, while the cerebellum, corpora quadrigemina, pons, and medulla appear
to be integral parts of the central apparatus, though the cerebrum is not
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wholly unconcerned in the matter. The motor paths and nerves supply the

channels by which impulses are conveyed to the muscles concerned, which
are principally those of the lower extremities and trunk. Although con-

sciousness may be called into play, this is not essential, in that guiding

impressions may reach the centres concerned with equilibration, and may
generate impulses which determine muscular contractions for the co-ordina-

tion of our movements without our being distinctly conscious of this.

A simple procedure which serves to demonstrate the part played by
impulses derived from cutaneous surfaces is that of rendering the soles of

the feet anaesthetic by freezing the skin, for under such circumstances

marked disturbance of equilibration becomes evident when an attempt is

made to stand or walk. That other nerves, presumably from muscles and
joints, are also concerned is made probable by the disturbances of co-ordina-

tion that may be met with in the absence of cutaneous anaesthesia, as in the

subjects of a disease such as locomotor ataxy. The importance of impulses

derived from the semicircular canals may be determined in various ways.

Thus, if a person with eyes closed be placed absolutely immobile, in the

recumbent position, on a horizontal table which can be made to revolve, his

ability to say in which direction he has been moved, and in some people the

degree of displacement that has taken place, is the result of knowledge

derived from the semicircular canals, though it may be that vaso-motor and

other obscure influences also play a part in this connection. Moreover,

experimental destruction of the semicircular canals in animals results in

profound disturbances of equilibration, a state of things that also obtains if

the auditory nerve be divided or irritated.

It is not so easy to determine with certainty what centres are directly

concerned with this function, in that the disturbances of equilibration which

result from destructive lesions of certain parts of the central nervous system

may equally well be due to the interruption of paths through these regions,

by which impulses habitually pass to centres concerned with equilibration,

but which are situated elsewhere, as by supposing that in the part destroyed

are situated the centres concerned with the maintenance of equilibrium.

Moreover, it is not easy to exclude the possibility that new and unusual

impulses are generated at the seat of lesion, which on reaching the centres

concerned with equilibration cause the disturbances which are seen in these

cases. The most striking phenomenon that results from experimental

ablation of parts, or of the whole of the cerebellum, is disordered equilibra-

tion, and the same obtains when any of the peduncles of the organ are

divided. Section of one crus cerebri is attended with a like result, as are

lesions of the corpora quadrigemina, pons, and medulla oblongata. It is of

interest to note further that even lesions of the cerebrum have been attended

by such disturbances in some instances. Moreover, as showing that the

part played by the cerebrum in the maintenance of equilibrium is of con-

siderable importance, may be instanced the fact that if ablation of the

motor cortex be practised in a dog that has previously recovered from the

incoordination consequent on removal of the vestibule on both sides, the

disturbances of co-ordination once more become manifest. So too it is

found that the loss of ampullar influences is compensated for in a pigeon

whose cerebral hemispheres are intact, but not in one in which they have

been removed before the operation on the semicircular canals.

Disorders of Equilibration.—In clinical work we meet with a large

number of affections, notably of the nervous system, in which disorders of

equilibration occur as one of the manifestations that make up the symptom
—complex, labelled as this or that disease. Moreover, as may be supposed
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from what has been said in connection with the anatomical and physiological

parts of this article, diseases affecting very widely different parts of the
nervous system may be attended by disturbance of equilibrium. Under
such circumstances there may only be a subjective sensation of giddiness,

or there may be objective staggering, while in a small number of cases

forced movements occur in which the patient may, for instance, rotate about
his longitudinal axis.

In multiple peripheral neuritis it sometimes happens that the chief motor
disturbance is ataxy or incoordination, and so striking is this in some cases

that the condition has been spoken of as pseudo-tabes or neuro-tabes, owing
to the resemblance which cases of the kind bear to the disease tabes dorsalis,

or locomotor ataxy, whose chief seat is the spinal cord, the posterior columns
of which are sclerosed. In this latter affection, as one of its names implies,

a prominent feature in the symptomatology of the majority of the cases is

incoordination or ataxy, which may be manifested by an utter inability on
the part of the patient to stand or walk. When the disturbance is less

marked progression is possible, though the gait is ataxic ; so too the patient
may be able to stand, though on attempting to do so with the feet together
and the eyes closed he sways, and if unsupported, tends to fall (Eomberg's
sign). In other words, what he is able to accomplish by the aid of sight is

no longer possible when this afferent channel is closed, as well as those
which transmit impulses from the skin, muscles, and joints of the lower
extremities. In other diseases of the spinal cord in which the posterior

columns are affected incoordination is a common feature. Friedreich's

ataxy is an instance of this, as is cerebellar heredo-ataxy, although in these
diseases the sclerosis of the cerebellar tracts may play a part in the causation
of the disturbance of equilibration, while in the latter atrophy of the
cerebellum may further contribute to this end. In the affection known as

ataxic paraplegia, which is said to be due to a combined sclerosis of the
posterior and lateral columns of the spinal cord, disturbances of equilibration

are present to a variable degree, and unsteadiness may be one of the earliest

symptoms of the important group of cases of acute combined degenerations
of the spinal cord for which there has as yet been no very satisfactory name
proposed. Disseminate sclerosis supplies an example of a disease in which
disturbances of co-ordination may be due to interruption of afferent

or efferent channels by the sclerotic patches, or of implication of some
part of the central machinery which is concerned in maintaining equili-

brium.

Tumours, hemorrhagic extravasations, and softening from vascular
occlusion, may each of them be responsible for disorders of equilibration if

the lesion be situated in the medulla oblongata, pons, or corpora quadri-
gemina ; but in none of these situations is the morbid process so liable to

be attended by this symptom as when the cerebellum is affected, and, more-
over, when the lesion is in the pons the most pronounced disturbance of

equilibration results when the middle peduncle of the cerebellum is involved.

Incoordination, the result of cerebellar disease, is commonly manifested by a
reeling or staggering gait, which resembles that of an inebriated person

;

but sometimes there is a forced movement in some direction, e.g. rotation of

the individual around the longitudinal axis of his body, or there may be a
strong subjective sensation of such rotation even where no actual movement
occurs. Forced movements of the kind have usually been associated with
lesions of one or other of the peduncles of the cerebellum rather than of the
organ itself.

Various affections of the brain are attended by disturbance of equilibrium,

vol. in 22
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but here the subjective sensation of giddiness is more commonly met with
than any objective evidence as manifested by disorders of station or locomo-
tion. Thus it is that giddiness is one of the commonest aurae in epilepsy

;

so too in old people with degenerate arteries, whose brains are presumably
ill-nourished, attacks of giddiness with, it may be, outward manifestations
of this frequently result, or the giddiness may usher in an attack of cerebral

haemorrhage or thrombosis. Of tumours in the cerebral hemispheres those
in the frontal lobes are especially liable to be attended by giddiness, and in

some cases there is actual unsteadiness resembling that which may occur in

cerebellar disease.

Erroneous visual perceptions consequent on paralytic defect of an ocular

muscle cause disorders of equilibration, which may be recovered from, in

spite of the ocular defect persisting, in that the centres concerned with the

maintenance of equilibrium learn to disregard the erroneous impressions

received. More striking and important are the disturbances of equilibration

consequent on interference with the auditory nerve in so far as its vestibular

portion is concerned. Tumours and the like, involving this nerve at the

base of the brain, may cause the disorder, but the most notable disturbances

due to morbid processes in this sphere are seen in Meniere's disease, other-

wise known as auditory vertigo, in which the labyrinth is supposed to be
the seat of the morbid change. The subjects of this malady are prone to

attacks of vertigo, which may be very severe, and which may even cause
the victim to fall with the suddenness of one shot. The nocturnal vertigo

experienced by some people on first going to sleep has also been regarded
as of labyrinthine origin, possibly the result of altered pressure in the
labyrinth. Many deaf mutes fail to appreciate the position of their bodies,

and may also be unable to co-ordinate their movements properly ; the failure

to maintain their balance is most marked in the dark, though it may be
quite evident without the exclusion of light.

It is uncertain how many of the cases in which giddiness is an accom-
paniment of gastric disturbance are to be ascribed to the visceral disorder

as the sole cause, in that a large number of cases formerly so regarded are

now attributed to labyrinthine disturbances, nevertheless gastric and intes-

tinal disturbance may excite an attack of vertigo in one so predisposed.

The frequency with which vertigo is met with in association with gastro-

intestinal affections, without any other evidence of labyrinthine disease,

suggests the possibility that disturbance of equilibration may arise from
this cause independently of any affection of the labyrinth. Vertigo may
further be a symptom in many other affections, as for instance in neur-
asthenia, hysteria, anaemia, and so forth, while in some cases no ascertained

or probable cause is forthcoming. A curious class of cases in point is

that in which sudden attacks of vertigo occur from time to time, it

may be attended with vomiting and various vaso-motor phenomena,
while in the intervals there is a complete freedom from any like manifesta-
tions.

Erfo's Paralysis. See Paealysis.

Ergotism. See Gkain Poisoning.
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Eeysipelas is an acute, specific, spreading inflammation of skin or mucous
membrane. The disease shows a marked disposition to remain localised to

the skin and immediately subjacent tissue, and there is no natural tendency
to pus -formation, ulceration, or gangrene. The inflammatory process

usually ends in spontaneous resolution without leaving any permanent
structural change in the affected tissues.

Etiology and Morbid Anatomy.—Fehleisen (1884) was the first to show that
erysipelas is always associated with the growth in the minute lymph channels of

a streptococcus, which he believed to be specific as regards this disease, and called the
Streptococcus erysipelatis. For some years this view was current, but the majority
of bacteriologists now hold that the disease is caused by the ordinary Streptococcus
pyogenes "of a certain degree of virulence," although the conditions which so modify
the organism as to produce this particular degree of virulence are as yet undeter-
mined.

The organisms always gain entrance through a wound or abrasion of the skin
or mucous membrane, but the lesion may be so trivial as to be entirely overlooked.
A slight scratch, an acne pustule, a crack on the nasal or buccal mucous membrane,
or the open cavity of a carious tooth, may be the seat of infection, and so numerous
are the possible avenues that the existence of an idiopathic form of erysipelas is

more than doubtful.
The streptococci are found in the lymph spaces of the skin, and may spread

into the more superficial layers of the subcutaneous tissue. They also occur in
the serous blebs which sometimes form over the inflamed area, but they never
invade the blood-vessels. They are most active in the zone just beyond the swollen
margin of the inflamed area, but rapidly disappear as the inflammation subsides.

On microscopic examination of a portion of erysipelatous skin four distinct
zones are to be recognised :—(1) Towards the spreading margin just beyond the
reddened area is a zone in which all the lymphatics are found full of rapidly mul-
tiplying streptococci. (2) Behind this the tissues show all the evidences of acute
inflammation with dilated vessels, exudation of serum and migrated leucocytes,
many of which contain streptococci in their interior. (3) Still farther back the
inflammatory reaction is passing off, and the leucocytes are being destroyed by the
fibroblasts or macrophages, no free cocci being visible. And (4) behind this the
skin has regained its normal appearances.

The organisms may be stained by Gram's method ; or cultivated on gelatine
or agar (see " Micro-organisms ").

When suppuration ensues on an attack of erysipelas it is in all probability the
result of a mixed infection with one or other of the pyogenic cocci.

The systemic symptoms in erysipelas are due entirely to absorption of toxines,
as the presence of the bacteria in the blood has not been demonstrated. The
immunity produced by one attack is very transient.

In fatal cases the pjost-mortem findings are those common to all forms of acute
blood poisoning ; a dark, tar-like state of the blood ; a swollen and softened con-
dition of the spleen ; cloudy swelling of the heart-muscle, the liver, and the kid-
neys ; multiple ecchymoses in the pleura, pericardium, and various mucous mem-
branes ; and dropsical effusions into the lung tissue.

Erysipelas has been inoculated as a therapeutic measure in various diseases, such
as cancer, sarcoma, lupus, syphilitic lesions, etc., but without such a degree of
benefit as to justify the risk.

Clinical Featukes.—The incubation of the disease was found to vary
from 15 to 61 hours in a series of cases inoculated by Fehleisen for thera-

peutic purposes.

The first clinical sign is a feeling of malaise, with headache and pains in

the back and limbs. The appetite is lost and the patient usually becomes
sick and vomits. A feeling of chilliness, seldom amounting to a distinct
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rigor, ensues, and concurrently the temperature rises to 103°, 104°, or 105°

F., and remains high with but slight remissions during the course of the

disease. The pulse at first is full and bounding, and seldom exceeds 100.

The tongue is foul, the breath heavy, and the bowels usually constipated,

although in some cases there is diarrhoea with offensive, dark-coloured stools.

Locally spots of redness appear near the seat of infection, and rapidly

coalesce into a diffuse red patch, from which thin red streaks may pass towards

the nearest lymphatic glands, which are found to be enlarged and tender.

The reddened area, which varies in hue from a bright scarlet to a dull

brick red, gradually increases in size, spreading now in one direction and
then in another, with varying rapidity. The spread does not follow the

direction of the lymph stream, but is supposed to be regulated to some
extent by the linear furrows of the skin ; and certainly it seems often to be

arrested at points where the skin forms deep attachments to underlying

fasciae, e.g. at Poupart's ligament, in the palms and soles, at the chin and
nape of the neck.

The margins of the patch are slightly raised above the surrounding skin,

as may be recognised by lightly passing the fingers over the skin from the

healthy on to the inflamed area. The whole surface is cedematous, especially

in parts where the subjacent cellular tissue is lax and open, as in the eyelids,,

scrotum, labia, or on the chest wall. The skin is smooth, tense, and glossy,

and blebs containing clear yellow serum frequently form over areas of intense

inflammation. The deep lymphatic trunks may often be felt as firm cords.

The patient complains of a burning sensation in the skin, and the inflamed

area is tender to the touch. It is found on careful examination that the

most tender area lies in a zone about half an inch beyond the raised red

margin, a point of some clinical importance, as indicating the extent and
direction of the spread, which is often found to take place irregularly.

The temperature of the affected part is markedly raised.

The usual gastro-intestinal derangements, associated with infective and
pyrexial conditions, are present ; and the urine is scanty, high-coloured,

loaded with urates, and often albuminous. There is often pain over the

kidney, and the spleen may be found to be enlarged.

Nocturnal delirium, with restlessness and delusions, is common, especi-

ally when the disease attacks the face or scalp.

The duration of the disease varies from two or three days to as many
weeks ; and relapses are by no means infrequent, each recrudescence being

accompanied by a fresh rise of temperature.

Death may take place from toxaemia, from the process spreading to im-

portant organs, such as the brain or its membranes, or from exhaustion

when the disease is prolonged or when relapses occur.

Clinical Types of Eeysipelas.—Certain distinctive clinical features are

to be recognised in connection with erysipelas according to—(1) the severity

of the attack
; (2) the part of the body and the structure of the tissues

implicated ; and (3) various aberrant characters it may assume.

1. (a) In its mildest or erythematous form the disease produces a

diffuse superficial reddening of the skin, with but slight swelling. There

are no bullae formed, and desquamation does not follow.

(&) When the inflammation is more intense the bullous variety of the

disease is produced, in which blisters containing a clear yellow serum form

under the cuticle. The contents of these bulla? may readily become infected

with pyogenic bacteria from the skin, and form the starting-point of a

diffuse septic cellulitis. When the contents of the bulla? are hemorrhagic
it indicates a grave prognosis.
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(c) In rare instances the inflammatory reaction is so intense that patches

of the skin become gangrenous {gangrenous erysipelas).

2. (a) The face is the commonest situation on the body for erysipelas

(facial erysipelas). It usually begins about the alee of the nose, and spread-

ing over the face, assumes a " butterfly " outline. The scalp is as a rule

implicated as far back as the nape of the neck, but the disease usually stops

at the chin, and almost never extends on to the front of the neck. There
is great oedematous swelling of the eyelids, so that the eyes are often com-
pletely closed ; and bullse are liable to form on the cheeks and brow.

Epistaxis is a not infrequent symptom. Meningitis and sinus thrombosis

are dangers to be reckoned with, and may be suspected when vomiting with
constant headache, irritability, and nocturnal delirium occur. Stupor or

convulsions ensue in fatal cases. Transient mental aberrations, peripheral

neuritis, and ataxic symptoms frequently follow on recovery from these

complications. The process may spread to the eye or ear, and produce
more or less serious disturbance of function in those organs.

(b) In infants erysipelas sometimes attacks the region of the umbilicus

before the stump of the cord has separated, and may spread widely over the

trunk (E. neonatorum).

(c) When the disease affects the scrotum a diffuse boggy swelling of the

whole perineum results, and the local appearances of extravasation of urine

are closely simulated. Pyogenic infection is common, leading to cellulitis

and sloughing.

(d) Any mucous membrane, but especially those adjacent to skin sur-

faces,—such as the buccal, nasal, pharyngeal, rectal, or vaginal,—are liable to

erysipelatous inflammations, which may originate on either the cutaneous
or the mucous surface.

The most important variety of this class is erysipelas of the fauces,

because of the danger of the swelling passing to the air-passages and induc-

ing oedema glottidis. Sloughs of the mucous membrane leaving putrid

ulcers, and causing enlargement of adjacent lymphatic glands, are common.
(e) Erysipelas in Wounds.—The healing of an aseptic wound is not

necessarily interrupted by a mild attack of true erysipelas. In most cases,

however, the inflammatory effusions separate the edges, and pus subsequently
forms in the wound.
A granulating wound becomes dry and ceases for the time being to

secrete pus, or it may become covered over with a grayish false membrane.
3. (a) By metastatic erysipelas is meant a variety in which the disease

appears at seats far removed from the primary point of infection, (b)

Erysipelas migrans is a form of the disease, which, though mild in degree,

tends to wander over very wide areas of the body, (c) The term habitual

erysipelas is applied to cases where the patient is liable to have repeated

attacks, usually occurring about the same time of year, and in the same
situation on the body.

Complications of Erysipelas.—The most important local complication
of erysipelas is the occurrence of a diffuse suppurative cellulitis, which may
spread into the connective tissue planes and lead to gangrene of various

soft tissues, especially fasciae and tendons. This condition is due to the

entrance of pyogenic bacteria, and supervenes most frequently on erysipelas

originating in a surgical wound. Its onset completely changes the clinical

picture, and the signs and symptoms of the cellulitis completely over-

shadow those of the erysipelas. (See " Suppuration," " Cellulitis.")

It is not uncommon to find many small localised superficial abscesses

develop during the convalescent stage of erysipelas after all the acute
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inflammatory symptoms have subsided. These are in all probability due to

the action of pyogenic organisms which have been present in the deeper

layers of the skin, and have found in the devitalised tissues suitable con-

ditions for their development. The rapidity with which such abscesses

heal after being incised is remarkable.

In the female, erysipelas in the region of the pudenda may spread to

the uterus and its adnexa. This is especially liable to occur during the

puerperal state, and to give rise to one of the most serious forms of puerperal

sepsis.

In a few rare cases a peculiarly persistent form of oedema, almost like

an elephantiasis, of the affected part may result.

The occurrence of intracranial complications and of implications of the

organs of special sense have already been referred to.

Differential Diagnosis.—The diagnosis of true and uncomplicated

erysipelas is as a rule easy. The conditions with which it is liable to be

confused are

—

(1) Simple Erythema, Acute Eczema, or Acute Dermatitis.—These inflam-

matory skin affections are mainly local in their manifestations, and only

in severe cases give rise to a marked degree of constitutional disturbance.

(2) Erythema nodosum is usually in patches, bilateral, and associated

with rheumatism in young women.

(3) Severe herpes may at first simulate erysipelas.

(4) Lymphangitis occurs in streaks along the lines of the main lymphatic

trunks, which may be felt as firm cords.

(5) Thrombo-phlebitis also manifests red lines with hard cords along the

course of the affected tissue, and is often associated with a septic ulcer.

(6) Acute suppurative cellulitis, and (7) acute spreading gangrene, or

even (8) acute osteomyelitis, may at first sight be mistaken for erysipelas,

but careful clinical investigation should prevent serious errors in diagnosis.

The Prognosis of uncomplicated erysipelas is on the whole hopeful, and

is based upon the usual considerations as to the site, severity, extent, and

duration of the disease, and the age and general condition of the patient.

The prognostic significance of complications is' obvious after what has

already been said.

Treatment.—That erysipelas has become so much less frequent since

the introduction of antiseptics is sufficient ground for demanding the

systematic use of these agents with a view to preventing its occurrence.

The indications for treatment in an active case of the disease are—(1) to

prevent its further spread; (2) to guard against mixed infection; (3) to

allay local symptoms
; (4) to counteract general constitutional disturbance

;

(5) to treat special symptoms.

1. The spread of the disease being due to the growth and multiplication

of the causal organisms, it is evident that it can only be arrested by attack-

ing and destroying these, and many attempts have been made to this end.

The local application of strong antiseptic lotions, especially such as have the

power of penetrating the skin, like carbolic acid (1 in 20) or corrosive

sublimate (1 in 1000) ; the inunction of mercurial ointment ; the tight ap-

plication of bands of adhesive plaster with a view to occluding the lymphatics,

have all been tried with more or less success.

Believing that by the phagocytic action of the leucocytes the spread

of the organism is arrested in the natural cure of the disease, the writer

some years ago employed a method of treatment with considerable success,

the object of which is to produce a zone of increased leucocytosis in front

of the advancing streptococci. The method consists in painting round the
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erysipelatous area a ring of linimentum iodi, about, half an inch wide. This
ring is applied about one inch from the margin of the affected skin, the limit

of the disease being reckoned by the tenderness on slight pressure which
is usually found to be well in front of the red area. Several coats of the

iodine are painted on one after the other dries. When any doubt exists as

to whether the limit of the disease has been reached a second ring is applied

about an inch beyond the first. The painting should be repeated for two
or three days, even although it has never been crossed by the erysipelas.

Scarification of the skin in front of the spreading margin doubtless acts

in the same way, but is painful and necessitates a general anaesthetic. The
injection of carbolic acid under the skin has not been satisfactory.

2. Systematic antiseptic precautions in dealing with wounds, blebs, etc.,

will tend to prevent infection with pyogenic bacteria.

3. The most soothing local applications are ichthyol ointment (1 in 6)
applied on lint and renewed daily ; thiol in 20 to 40 per cent aqueous solu-

tion painted over the whole of the reddened area and for some inches

beyond it several times a day; or simple lead and opium fomentations.

After the inflammation has ceased, and while the desquamation of the
epidermis is going on, the part should be smeared daily with a mildly anti-

septic and soothing ointment, such as ichthyol, eucalyptus, or weak boracic

acid to allay the itching which is often troublesome, and to prevent the
dissemination of germ-laden scales.

4. General treatment consists in administering a sharp mercurial or saline

purge at the outset, and attending to all the other emunctories. Quinine
in two-grain doses every four hours is useful ; but the value of perchloride

of iron is doubtful. It frequently deranges digestion and often produces
constipation. A full fluid dietary is necessary. The antistreptococcic serum
of Marmorek promises to be useful in counteracting the toxines in this as in

other diseases due to the streptococcus. In this country the experience of

its action has as yet been small and not altogether encouraging as to results,

but those who have used it most abroad speak favourably of it. An initial

dose of 20 c.c. of the serum should be injected under the skin of the
abdomen, and further doses of 10 c.c. may be given every 12 hours till

the temperature comes down.
5. Special symptoms, such as delirium, sleeplessness, nephritis, or other

complications, will be treated on general principles. Suppurative complica-

tions' must be met by early and free incisions, with drainage and the use of

antiseptic dressings frequently renewed.

LITERATURE.—1. Recltts. Art. " Erysipele traumatique," TraiU de chirurgie, by Duplay
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The term Erythema should properly indicate merely a redness or hyper-

senna of the skin. Since, however, the name has been given to a variety of
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eruptions, most of which also show either serous exudation or cellular in-

filtration of the skin, it is now used in a manner which is completely

arbitrary and justified only by custom. All attempts at a natural classifica-

tion must be at present unsatisfactory, on the one hand because there are

still such formidable gaps in our knowledge of the relationship between

allied forms, and on the other because a number of completely independent

diseases are also collected under this name. The method adopted here,

therefore, will be to give, first, a short description of those forms which are

the result of local irritation and are of limited extent ; secondly, to discuss

the generalised erythemata ; and, thirdly, to describe those diseases, mostly

of unknown pathology, to which the name erythema has been given, and
which have no known relationship to the preceding forms.

I. Erythema due to Local Irritation and of Limited Extent.—(a)

From heat (E. caloricum)
; (&) from light (E. solare).—Neither of these

two forms requires any further discussion here, as both are merely the first

stages of acute dermatitis, (c) From friction (E. paratrimma).—This term,

though if it were used correctly it would be limited to erythema from

friction, is more generally applied to the hyperemia occurring in parts which
have been subject to pressure when that pressure is removed, e.g. the sacrum
and trochanters of a bedridden patient. If the affected skin is not carefully

looked after in such cases by relieving the pressure with suitable pads, water-

bed, etc., the process will rapidly pass on into local gangrene and bedsore.

(cl) From friction combined with chemical irritation (E. intertrigo).—In

this form the skin is irritated partly by the rubbing of one surface against

another, partly by the decomposition of the secretions which are locked up
between warm cutaneous folds and prevented from evaporating. If left

unattended to the parts soon become acutely inflamed, and a condition

indistinguishable from eczema is set up (Eczema intertrigo). All that is

necessary in the early stage is to carefully cleanse the parts and dry them,

afterwards keeping them separated by means of suitable powders and lint,

or by interposing one of Unna's powder bags between the contiguous

surfaces. The disease occurs most commonly between the thighs and nates

of children, or beneath the breasts and abdomen of fat adults. Closely

allied to this form is the Erythema gluteale of infants, which is produced

not so much by friction of opposing surfaces of skin as by the constant

maceration of the skin by the decomposing urine on the diapers. This form

has some importance, first, because of its liability to go on to troublesome

inflammation
b
and even ulceration if neglected ; secondly, because of the

extreme difficulty which is often found in distinguishing it from congenital

syphilis. The points to be attended to are the following:—Diaper rash

seldom extends below the knees, while syphilis is very likely to be found on

the soles of the feet ; diaper rash begins as minute papules with little or no
induration, while syphilis usually shows itself as rather larger papules with

very definite induration. Lastly, if no other indications of syphilis are

present the child should be treated with some non-mercurial local applica-

tion, such as Lassar's zinc paste,1 and the further evolution of the rash

watched for a day or two. (e) From the effects of locally applied drugs and
other irritants (E. venenatum).—See " Dermatitis venenata." (/) From cold.

—This may be localised or generalised, and is usually seen as a passive

hyperemia due to the contraction of the cutaneous arterioles and consequent

stagnation of the blood in the capillaries from diminution of the vis a tergo.

1
~fy Acid, salicyl. gr. x., Pulv. amyli, Zinci oxidi aa 3ij-> Vaseline §ss.
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After the arterial spasm has passed off, a strong, active hyperemia usually

sets in, causing the original cyanotic mottling {Livedo annulare) to dis-

appear and to be replaced by a general hot redness of the whole body or the

part affected. The same train of symptoms is said to be occasionally seen

from exposure to heat, (g) From circulatory obstruction (E. leve).—This

form is often seen in patients suffering with cardiac weakness and cedema of

the legs. Its significance is ominous, since, if the legs are not quickly

relieved by draining the fluid away under the strictest antiseptic precau-

tions, cellulitis and gangrene are almost certain to occur.

II. Generalised Erythemata.— (A) Roseolous and scarlatiniform

erythemata.—^Some authors have attempted to separate these two forms,

placing the former under the heading of congestive, and the latter under

exudative erythemata. There seems, however, to be no reason for this either

in their clinical appearance or in their pathology, so far as it is known.
Roseola is the name applied when the rash appears as rather large macules,

thus simulating measles. It is commoner in children than in adults, probably

owing to the greater excitability of the central nervous system. There is

generally some malaise preceding the eruption, and often some slight eleva-

tion of the temperature. The rash may come out on any part of the body
or limbs, having no site of predilection such as is usually found in measles.

In some cases the rash never completely generalises, remaining more or less

limited to the site where it first appears. The macules are usually from the

size of a lentil to that of the thumb-nail, and are arranged either irregularly

or in crescentic form. The diagnosis has to be made from measles and from

rotheln, and is by no means always easy. From the former the points of

distinction are :—The constitutional disturbance is not usually so severe in

roseola as in measles, and the other symptoms of measles, coryza and
conjunctivitis, are absent. Further, if the case be seen early, or the history

be very clear, it may be possible to find out the site first attacked by the

eruption ; or again, should the eruption never become generalised this would
be of assistance. From rotheln the diagnosis is apt to present still more
difficulty, and must be often impossible ; but the enlargement of the occipital

and mastoid glands, especially if any history of exposure to infection were

forthcoming, would help in the diagnosis.

Erythema scarlatiniforme occurs more frequently in adults. The pro-

dromal symptoms, when present, are similar to those of the roseolous form,

but there is a tendency for them to be rather more severe in character, and
this is especially true of the accompanying sore throat. The rash differs

from that of roseola only in its elementary lesions, the capricious distribution

being found in the scarlatiniform just as was described in the roseolous.

At the beginning of the eruptive stage the rash is seen to consist of well-

defined punctiform macules, quite indistinguishable from those of scarlatina,

and these soon run together to form large sheets of continuous redness. The
differential diagnosis from mild cases of scarlatina is often extremely difficult,

but the following pointsmay prove of service. The prodromal stage of scarlatina

is usually much more severe and of more definite duration than that of E.

scarlatiniforme. The constitutional symptoms are more severe throughout
in the specific fever, and the throat is much more swollen, tonsillitis being

very rare in the scarlatiniform erythema. The duration of the eruption may
be the same (two to six days) in the two diseases, but in E. scarlatiniforme

the rash generally turns to a peculiar brownish yellow colour as it fades,

and Besnier has called attention to the fact that desquamation is already

beginning while the rash is at its height. Lastly, the desquamation is
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generally only branny in character in the erythema, though in severe cases

the horny layer may be shed in larger casts.

Mention must here be made of a disease described by Fereol in 1876
under the name of "Pseudo-exantheme scarlatiniforme recidivant," but
now more generally called "Erythema scarlatiniforme desquamativum"
The true position of this disease is still a matter of some doubt, some
authorities placing it with Dermatitis exfoliativa, while others describe it

with the erythemata. The disease commences with general malaise, and
sometimes with chills, anginal sore throat, and albuminuria. The rash

comes out exactly similarly to that of E. scarlatiniforme, but instead of

dying away in a few days it often persists for a month, or even longer,

the temperature usually falling while the eruption is still at its height.

Desquamation is generally very marked, and occurs in coarse flakes. The
disease has a strong tendency to recur in the same individual, chiefly in the

spring and autumn.
The etiology, pathology, and treatment of these forms of generalised

erythema are so closely allied to, if not identical with those of Hebra's

Erythema multiforme that it will save repetition if they are all discussed

together.

(B) Erythema exsudativum multiforme.— This group, probably the

most important of all the erythemata, we owe to the genius of Ferdinand
Hebra, who collected a series of eruptions known by different names, and
pointed out that they were all stages of the same disease. Although his

conception was perhaps too circumscribed, and has consequently been
slightly amended, it remains to this day the basis upon which all descrip-

tions of the disease are founded. Eor convenience of arrangement the

different forms of eruption will first be described individually, then the

symptoms and complication in other organs, and pathology, will be discussed

for all forms together.

Types of Ekuption.— (a) Erythema papulatum.—This may be con-

sidered as the simplest form of eruption occurring in E. multiforme. It is

characterised by the sudden outbreak of papules varying in size from that

of a large millet seed to that of a split pea. The papules are formed by
exudation into the corium and upper part of the hypoderm, and are elevated

above the general cutaneous surface in hemispherical form. They are

moderately hard to the touch, and the epidermis over them is tense and
shining. Their colour varies from a florid red on their first appearance to a

yellowish red in the centre of old papules, or sometimes a bluish, cyanotic

appearance. The rash fades completely on pressure at first, but as there is

often some diapedesis of red blood corpuscles later on there is a slight

yellowish stain left after the hyperemia is pressed out. After the disappear-

ance of the eruption there is often a slight desquamation of the horny
layer, but this is not a marked feature. The distribution is most commonly
on the upper and lower extremities, the backs of the hands and feet, though

these are by no means invariably attacked, as has been stated, and the face

and neck, other parts, such as the trunk, being less often attacked. The

eruption does not usually become confluent, and is usually scattered with-

out any definite arrangement beyond following the lines of cleavage, but

sometimes a crescentic arrangement may be observed.

(b) E. tuberculatum.—This form may arise either primarily or by the

centrifugal extension of the papules of the previous form. The lesions are

larger and are situated rather deeper in the corium, thus possessing a more

spherical shape ; they are also usually rather harder than those of E. papu-
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latum, owing to the greater amount of exudation into the surrounding

tissues. The site, arrangement, and other characteristics are similar to

those already described under E. papulatum.

(c) E. annulatum.—This is usually a secondary development from E.

papulatum. The papules spread centrifugally while involution occurs in

the centre, so that a red, raised ring is formed with a dusky purplish centre.

Such rings in the course of their extension may show peculiar changes of

colour. In the centre, as already stated, the colour is of a purple, cyanotic

hue, due no doubt to the passive hypersemia left after the absorption of the

previous exudation. The raised, active part is usually of a florid red owing

to the arterial hypersemia still present, and surrounding this there is often

a yellowish, somewhat translucent zone of cedematous skin in which the

blood-vessels are compressed by the exudation. This arrangement has given

rise to the name E. iris, a term which is also applied to another form,

described below, and better known as Herpes iris. With the progressive

enlargement of the rings it is obvious that two or more rings may intersect

one another, and, in obedience to the law of all centrifugally extending skin

diseases, the parts of the rings within the points of contact disappear. In
this way peculiar curved figures are formed, to which the name E. gyratum
has been given. In some cases this actively advancing edge may continue

spreading over large areas, so that only a marginal redness is seen enclosing

discoloured skin. To this condition the term E. marginatum has been given,

but this seems to be an entirely unnecessary refinement of nomenclature.

(d) Herpes iris or E. iris.—This is yet another modification of the

primitive papule. The essential change in this variety is the formation of

a vesicle or bulla by the raising of the whole or part of the epidermis by the

exudation. Two forms of the disease are generally described, both of them
uncommon, but one much rarer than the other. The commoner form
begins as a small papule in the centre of which a vesicle rapidly forms. In
the same manner as described under E. annulatum the papule enlarges

centrifugally, and the vesicle formation follows this enlargement. There is

thus formed a small disc-shaped blister situated on a red base. As the

lesion still further increases in size there is a tendency to resolution in the

centre, which gives rise either to a purple stain surrounded by a ring-shaped

vesicle, or perhaps more frequently the exact centre of the lesion is occupied

by dark red scab caused by the drying up of the central vesicle, in the serum
of which there were contained some red blood corpuscles. Since the vesicle

in E. multiforme is generally situated rather deeply in the epidermis, a

curious pearly gray appearance is seen where the exuded serum is, as is

commonly the case, small in amount. There is thus produced in many
cases a remarkable play of colours, from which the name Iris is derived.

In the centre is seen the dark red scab, outside this is a zone of purple

passive hypersemia over which the fluid has been partially absorbed or

evaporated, outside this again is the pearly gray colour of the recent vesicle,

surrounded by a narrow band of active hypersemia, and lastly by a pale

yellowish areola of anaemic cedematous skin. The size of the developed

lesions of this form varies from that of a threepenny piece to, rarely, a five-

shilling piece. The other form is not quite so clearly related to the ordinary

varieties of E. multiforme. It begins with a vesicle which enlarges to form
a bulla, and is then surrounded with rows of discrete vesicles, but with little

erythematous redness.

(e) E. nodosum.—The identity of this disease with E. multiforme is

denied by some writers, though all admit the close relationship. The
tendency at present is, however, apparently becoming more and more
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general in favour of including it with the forms just described. The main
reason for this is its common occurrence on the lower extremities in patients

who have the papular or tubercular form elsewhere, and as regards the

alleged objection that E. nodosum often occurs without any of the other

forms, this is true of any given type of the disease. The lesions are situated

more deeply in the corium than in any of the previously-described forms,

extending indeed right through the hypoderm. They appear as large nodes,

varying in size from that of a small nut to that of pigeon's egg, or sometimes
even larger. The nodes vary in colour, being sometimes of a darkish purple,

sometimes florid pink. Their consistency is less hard and more elastic than
that of the papular and tubercular forms, and they have the additional

peculiarity of being painful and extremely tender to the touch. In some
cases there seems to be distinct fluctuation, and cases have been described in

which they have softened and burst, but this is, at all events, extremely rare.

The site of predilection is the front of the shin and lower leg generally ; in

fact, so much is this the case that one seldom sees really typical nodes else-

where, though they do occur along the ulnar border of the forearm and
occasionally on the face. When fading the nodes go through all the changes
observed in the healing of an ordinary bruise, and hence the synonym Derma-
titis contusiformis.

Duration of E. multiforme.—The individual lesions do not as a rule last more
than a few days, but since successive crops are apt to come out, the disease as a
whole usually lasts from two to four weeks. On the other hand, cases have been
published in which the disease has lasted from two months to several years
(E. perstans). As regards the relative duration of the different types of lesion, the
papular usually disappears most quickly, while the nodose and bullous forms last

the longest.

General Symptoms and Complications in other Organs.—The con-

stitutional symptoms of E. multiforme are variable in the extreme. Many
cases run their entire course with nothing but a little burning at the sites of

the eruption, on the other hand patients are occasionally so severely affected

that they pass into the typhoid state, from which, however, they generally

recover. If one is justified at all in describing a typical course for such a

variable disease, the following would perhaps correspond to what one might
term an average case. After prodromal symptoms lasting a day or two
before the appearance of the eruption, loss of appetite, headache, ill-defined

pains in the muscles and joints, and especially a feeling of extreme lassitude,

with perhaps slight fever, the rash suddenly makes its appearance, and
continues to appear in crops for one or two weeks. During this period the

symptoms of the prodromal stage are usually continued, and to them is

added a rather rapidly supervening anaemia. After this no fresh lesions

come out, and convalescence progresses steadily. As regards the occurrence

of fever, there does not seem to be any very definite relationship to the

severity of the eruption, since Polotebnoff in his monograph quotes two cases,

in one of which fever was severe with a slight eruption, and in the other a

very profuse eruption was accompanied by only slight fever. Of symptoms
occurring in other organs the commonest is the occurrence of erythematous
or bullous lesions on the mucous membrane and conjunctivitis. This is the

case chiefly with the vesicular forms of the disease, but nodose erythema has

also been observed on the lips and palate, in the latter of which situations

the nodes burst and left crateriform ulcers. Gastric and intestinal symptoms,
such as vomiting and diarrhoea, are not uncommon, and may be very severe, and

it is of interest to note that in a fatal case of Hebra's E. gyratum was found

post-mortem in the small intestine. Besides the fleeting pains in the muscles
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and joints so commonly seen, there may be organic changes in the joints,

usually ending in complete recovery, but occasionally leading to ankylosis.

Affections of other serous membranes, such as pleurisy and pericarditis, have
been frequently observed, and endocarditis may also occur. Bronchitis and
broncho-pneumonia have also been reported as producing a fatal result in

some cases. Swelling of the liver or spleen, or both, seems very common,
and Polotebnoff quotes two cases of his own in which general enlargement
of the lymphatic glands occurred.

Diagnosis.—The papular and vesicular forms of erythema have to be
distinguished from measles, eczema, syphilis, and Dermatitis herpetiformis.

From measles the points of distinction have already been given under
roseola. Acute vesicular eczema may be generally separated by the facts

that the vesicles and papules are smaller and much more closely set, thus

tending to run together, that they occur in large sheets, that each individual

papule or vesicle is more pointed, that in most places the follicles are

especially picked out, that the subjective symptoms are more restricted to

severe itching, and lastly, that constitutional symptoms are slight or absent.

From syphilis the diagnosis may be so difficult that with all accompanying
symptoms it is still doubtful. The greater indolence of the syphilitic

lesions and the shotty lymphadenitis are chiefly to be relied upon ; the throat

symptoms may, it is true, be of service, but where marked affection of the

throat occurs in E. multiforme the distinction will be very difficult. From
a first attack of Dermatitis herpetiformis the diagnosis may well be im-
possible. The chief points are more itching in D. herpetiformis, wider
generalisation of the rash, less often a tendency to the concentric arrange-

ment so typical of E. multiforme, and, as a rule, at first less marked con-

stitutional symptoms.
E. nodosum must be distinguished from gummata and from Erythema

induratum. From the former the points of distinction are the more rapid

formation, the greater symmetry, and usually the greater number of nodes,

the much more marked tenderness, and, lastly, the less defined limits to the

nodes. From the latter the points are the greater tenderness, the situation

on the front rather than on the back of the leg, the more acute course, and
the constitutional symptoms. In some severe cases the clinical features

closely simulate acute osteomyelitis (vide " Bone ").

Pathology and Etiology.—The collection and analysis of large numbers of
cases of the various forms of E. multiforme have rendered the hypothesis that it is

a specific disease untenable. Besnier has pointed out that it is important to realise

that there is no specificity of cause in the erythemata. It is conceivable that the
determining cause of the eruption may act in one of at least three ways, namely,
on the vascular centres, on the vaso-motor nerves, or upon the vessel walls. It is

probable that the rash may be produced in any one of these ways, and, in view of

the fact that some individuals are much more prone to the eruption than others, it

is necessary to presuppose a greater delicacy of the neuro-vascular system in such
persons. This is the individual disposition assumed by Besnier, who believes that
it may be innate and permanent, or acquired and transitory. Such being the case
it is easy to see that irritants acting locally may produce— (1) An erythema co-

extensive with the area of application, direct action on the vessel walls
; (2) An

erythema spreading beyond the area of application, but not generalised, action on
the vaso-motor nerves and secondary ganglia

; (3) A generalised erythema, due
either to reflex action on the vaso-motor centre or to absorption and circulation of

the irritant. The eruptions of the first and second class are usually roseolous or
scarlatiniform in type, and may be produced by innumerable causes. Among
others mercury and iodine employed locally are common causes, but it is to be
remembered that mercury especially may produce a generalised erythema either of
the scarlatiniform type or of E. multiforme, when applied locally. Lewin also
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reported the artificial production of E. multiforme by irritating the female urethra
with a sound and savine ointment. These cases are, however, not free from all

doubt, since the patient in each case had been suffering from gonorrhoea, and the
irritation may have easily caused a recrudescence of the disease and an accompany-
ing toxaemia. The causes acting by internal absorption are :

—

(1) Drugs, including antitoxins and tuberculin (see "Drug Eruptions").

(2) Foods, generally in a state of decomposition ; the commonest being shell-

fish, especially mussels, game, cheese, and canned meats. Also grain poisoning (see

"Pellagra").

(3) Toxins from organisms existing in the body, (a) From acute specific

fevers, especially enteric, cholera, diphtheria, variola (prodromal eruption), vaccinia,

gonorrhoea, sapraemia, septicaemia, and pyaemia (this is the so-called surgical and
puerperal scarlatina ; for further details see under the headings of these diseases).

(b) From chronic infective diseases, especially tuberculosis and syphilis, in which
latter disease E. multiforme has several times been observed, either immediately
before or after the earliest syphilitic rash.

(4) From absorption of poisons, usually shut off from the circulation, e.g.

hydatid eruption and erythemata after enemata.

(5) From poisons generated in the body from altered metabolism, albuminuria,

and uraemia, diabetes, cholaemia, etc.

(6) From seasonal and atmospheric conditions, including rheumatism. This

class of cause needs a few words of explanation. In the first place, although it is

not difficult to draw up elaborate etiological schemes, it will be found in the

majority of cases the cause cannot be found. The disease is undoubtedly very
much more prevalent at certain seasons of the year, notably spring and autumn,
and in damp weather, and it may therefore be considered probable that it is due to

infection of unknown origin, occurring when the bodily resistance is lowered by
cooling. As regards the relationship to rheumatism the question still remains
open. Owing to the frequent presence of pains in the muscles and joints, together

with the occasional occurrence of endo- and pericarditis, many authors have con-

sidered the disease to be merely a symptom of rheumatism. It has been, however,
pointed out that such a train of symptoms is common to many acute infective

diseases, and that therefore it does not afford sufficient evidence of the presence of

rheumatism. Other observers have taken the opposite standpoint, and denied all

relationship between E. multiforme and rheumatism. This view can, however,

only be maintained by neglecting to take into consideration the undoubted fact

that there is a special liability to be attacked by E. multiforme in patients who
have either been sufferers from acute rheumatism themselves, or in whose family

history rheumatism is noticeably frequent. This association of rheumatism and
E. multiforme is perhaps strongest in the case of E. nodosum.

(7) From specific organisms. This as a cause is probably extremely rare, but
its occurrence can scarcely be denied in the light of five cases reported by Professor

Demme. In these cases, all of them children, varying in age from three to eleven,

the symptoms were the same in all, namely, severe bullous and nodose erythema
ending in gangrene, and associated with pains in the muscles, bones, and joints.

Recovery took place, but one child died eleven months later of tuberculous menin-
gitis. Bacteriological examination showed the constant presence of a bacillus,

which proved pathogenic to guinea-pigs on inoculation by scarification or sub-

cutaneous injection, producing nodes and bullae with gangrene. Other cases have
also been reported, in which cocci have been found in the lesions, blood, etc., but they

are not so convincing. Apart from their general pathological interest, these cases

have a special bearing in proving that in some cases, at all events, the production

of symmetrical erythemata may be brought about by the local action of microbes.

The pathological anatomy of the erythemata is comparatively simple. On
section it is found that the lesion is formed by a more or less haemorrhagic exuda-

tion into the corium, the vessels being all surrounded by a dense infiltration of

cells. In bullous cases there is necrosis of almost the whole depth of the epidermis.

The blood of patients suffering from E. multiforme and the serum of the bullae

generally show a condition of marked eosinophilia, but as this is also found in

many other skin diseases its diagnostic significance is not great. (See "Leuco-
cytosis.")

Tkeatment.—From what has been already said of the etiology it will

be seen that in many cases the treatment resolves itself into that of the

disease in the course of which the erythema arises. In those cases in

which no cause can be ascertained treatment is apt to leave one quite in
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the lurch. The acute cases run their course so rapidly that it is often

impossible to judge of the effects of the drugs administered. In those cases

in which there is a history of the ingestion of unsuitable foods or of acute
disturbance of the digestive organs, a single dose of calomel should be given,

followed by a morning saline draught, which should be repeated for two
or three days. In the more chronic cases quinine in full doses (at least

15 grs. daily) is generally of the greatest use, while in some cases sodium
salicylate has been found of service. In Erythema nodosum rest in bed is an
important part of the treatment, while one or two authors have claimed that
potassium iodide acts as a specific.

Locally bland powders and cooling lotions are all that are required, with
the addition of careful bandaging in E. nodosum.

III. Eeythema pernio {Chilblain).—This is an inflammatory erythema
occurring chiefly on the extremities, the ears, and the nose.

The first symptom is a slight burning or itching, and this is rapidly

followed by the appearance of a circumscribed, dusky-red swelling. The
epidermis over the swelling is tense and shiny, and is often raised in the
later stages by the exudation beneath, forming a blister with more or less

haemorrhagic contents. On rupture of the blister superficial ulceration may
set in, and unless this is carefully attended to, obstinate gangrene. The
pathology of the affection is unknown, some authorities ranking it with
true frost-bite, while others consider that it is more nearly related to

E. multiforme. Certainly the clinical appearances are very suggestive of

a papular or vesicular erythema, and the disease would appear to be caused
by a damage of either the vessel wall or the vaso-motor nerves. Though it

is commonly stated that chilblain occurs in people with a " poor " circula-

tion and a general tendency to cyanosis of the extremities, this is by no means
always the case, and a little observation will speedily convince any one that
many patients with a strong tendency to blueness of the extremities never
suffer from chilblain, while, on the other hand, people without any obvious
circulatory defect may be attacked directly the weather turns cold.

The treatment is rather prophylactic than remedial. Patients who are
liable to the disease should go about warmly clad with woollen hose and
gloves in cold weather. The hands and feet may occasionally be soaked in

hot mustard and water, of course when no broken chilblains are present,

and the stockings may be wrung out of a weak alcoholic solution of capsi-

cum (equal parts of tr. capsici and eau-de-Cologne).

Eegular friction of the extremities is invaluable, and brisk daily exercise,

especially early in the day, seems to lessen the tendency to vaso-motor
irritability. In the early papular stage of chilblain painting the part with
tincture of iodine seems to be the most useful measure, but many other
stimulating remedies have been recommended, such as soap liniment,
camphorated spirit, turpentine, etc.

When broken or ulcerated, protection with some mildly antiseptic

ointment, such as the B.P. boric acid ointment, should be carried out. Of
internal remedies, cod-liver oil, ichthyol, arsenic, have all been recommended,
but they all of them often fail.

IV. Erythema induratum (Bazin's Disease).— This comparatively
rare disease has attracted considerable attention of late years. Though
originally described by Bazin, its existence was almost forgotten until

further attention was called to it by Colcott Fox. The eruption occurs
chiefly in young women whose occupation necessitates long standing, such
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as washerwomen and shop assistants. The subjects are also generally

sufferers from chilblain, and in some cases have also been attacked by
lupus erythematosus. Undoubtedly some of them show signs of the
so-called scrofulous diathesis, a point which attracted Bazin's attention and
caused him to describe the disease as " Erytheme indure" des scrofuleux."

The disease usually attacks the lower extremities, its commonest site being
the back of the leg at the junction of the lower and middle thirds, but it

may also occur anywhere on the arms or legs. The distribution is almost
if not quite invariably bilateral. The lesions commence in the hypoderm
as rather diffuse infiltrations, which can be felt before they are seen. As
they increase in size they rise to the surface and then appear as indolent

nodes of a curious violaceous colour, generally flattened on the surface, hard
and somewhat tender to the touch, but not usually spontaneously very
painful. In this condition they may last for weeks, finally either fading

away, or softening and necrosing, so as to leave punched-out ulcers, a

result first described by Jonathan Hutchinson. The resulting ulcers are

then extremely slow in healing, though they do not, as a rule, show a very

marked tendency to spread. The morbid anatomy and experimental

pathology of this disease have been most assiduously worked at lately,

but the results are still conflicting, some observers finding all the structural

and experimental proofs of tuberculosis, while others found no evidence of

the kind. This merely goes to prove that two diseases were examined
under the same name.

The diagnosis has to be made from gummatous syphilis, the so-called

tuberculous gumma, and occasionally from E. nodosum.
From the first the points of distinction are the slower evolution of the

lesions, the absence of other signs of past or present syphilis, the greater

symmetry of the eruption, and the failure of the therapeutic test by means
of potassium iodide. From tuberculous lesions of the gummatous type the

disease is distinguished by its symmetry, its invariably attacking the legs,

whether elsewhere as well or not, the greater number of the lesions, the

fact that the tuberculous nodes generally form abscesses, while those of

E. induratum generally slough, and, lastly, the age of the patient, tuberculous

gummata being generally limited to children.

V. Erythema elevatum diutinum {Crocker).— Under this name
Crocker has described a rare disease of the hands and other parts. The
eruption consists of erythematous patches and nodules situated on the

fingers, knees, elbows, and buttocks. The colour varies from pink to dark

purple, and dilated venules are present here and there. The nodules vary

in size and may be raised as much as an eighth of an inch above the

surrounding surface, while coalescence of several nodules may lead to the

formation of large patches. The affected parts are hotter to the touch than

the normal skin, and the surface is generally smooth, though slight scaling

may be present. Induration is very marked. Crocker has separated the

cases which he has collected into two classes, in one of which the disease

affected only young females with a rheumatic or gouty personal or family

history, the other occurring in elderly males with a gouty personal history.

In the former type the lesions were erythematous at first, then becoming

purple, some involuting while others were developing, and the lesions were

very firm and not cedematous. In the latter the lesions began as purple

nodules, persisted through life, and were softer to the touch, the elevation

being largely due to oedema. The histology of the former type was simply

a fibro-cellular structure more or less like cheloid. Some cases appeared
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to derive benefit from arsenic, but Crocker himself points out that the

improvement may have been spontaneous, since some of the lesions were
undergoing involution before the commencement of the treatment. The
lesions on the hands seemed far more resistant than those elsewhere.

VI. Erythema serpens (Morrant Baker) (synonym, Erysipeloid Bosen-
bach).—This is a disease chiefly seen in those who handle animal food,

especially game. It nearly always commences as an inflammation round
a trifling injury which has been received from a few days to a fortnight

before. There is an inflammatory pinkish blush surrounding the site of

the previous trauma, which is itself often already healed. The erythema
spreads centrifugally as a ring from this point, and later on breaks up into

irregular curves and blotches. The sites are usually the finger-joints and
knuckles. Although there is but little swelling and the objective symptoms
are very slight, lymphangitis being practically absent, there is marked
burning and shooting pain, often radiating up the arm, and the patient

bends the finger gingerly. The disease lasts, perpetually extending
centrifugally, for from two to six weeks, when it dies away, leaving no after-

effects. The treatment recommended is salines internally and fomentations
locally. Eosenbach found in his cases an organism which he first believed

to be a coccus, but later classified as a cladothrix. From pure cultures of

this organism he succeeded in reproducing the disease after an incubation

period of forty-eight hours.

LITERATURE.—Text-books, Duhring's Cutaneous Medicine, Part II.—T. Colcott Fox.
Clifford Allbutt's System, vol. viii., with full Bibliography.—Generalised Erythemata : 1.

Besnier. Ann. de derm, et syph. 1890, p. 1.—2. Fereol. L'union midicale, 1876, No.
29.— 3. Polotebnoff. Zur Lehre von den Erythemen, Hamburg, 1887.—4. Lewin. Charite
annalen, 1876.—5. Raoul Mesnet. These de Paris, 1884.—6. Cotjlaud. These de Paris,

1875.—7. A. Schamann. These de Paris, 1897.—8. Demme. Fortsch. d. Medizin. No. 7.

April 1, 1888.— 9. Leloir. Traite descriptif des maladies de la peau, Paris, 1893. E.
induratum: 10. Colcott Fox. Brit. Jour, of Derm. 1893. E. elevatum diutinum: 11.

Crocker. Brit. Jour, of Derm. 1894. E. serpens: 12. Morrant Baker. Bart's Hosp. Rep.
vol. ix.

Erythromelalgia. See Eaynatjd's Disease.

Ether. See Anesthesia.

Eucaine. See Anesthesia, Cocaine.

Exophthalmic Goitre. See Thyroid Gland.

Expectorants.

See also Cough, Expectoration.

These are remedies which promote the removal of abnormal secretion from
the respiratory tract. As there is no class of remedy more abused in practice
owing to defective appreciation of the exact pathological condition in different

diseases, and at different stages of the same disease, it is advisable to specially

indicate the important pathological and clinical points that call for considera-
tion. An expectorant may act primarily by stimulating the pulmonary
circulation, thus promoting an increased secretion ; at the same time this

action may be assisted, as in the case of ammonia, by its general stimulating

vol. in 23
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effect on the heart, the central nervous system, and the nerve-endings in the

respiratory tract. The preparations of ammonia and especially ammonia
carbonate may be taken to represent the group of so-called stimulating

expectorants. The alkalies, and very specially iodide of potassium, ipe-

cacuanha, antimony and antimonial salts, and lobelia, are examples of

expectorants whose action is associated with a depression of the general

circulation and a corresponding tendency to diminish bronchial secretion.

Whereas the former are specially useful in the later stages of catarrh

associated with diminished expulsive power in the bronchi, the latter are

more serviceable in the earlier stages when there is congestion of the

respiratory passages and scanty expectoration. In another class of case

so-called sedative expectorant treatment is adopted, for example, where
coughing is persistent and severe, and out of all proportion to the amount
of secretion, hydrocyanic acid, compound tincture of camphor, codeine, or

morphine may be indicated, the two latter, however, only under exceptional

circumstances. The volatile antiseptics, especially eucalyptus, terebene,

olei pini sylvestris, turpentine, and the like, are of most service in those

cases where purulent expectoration is very pronounced. These volatile

substances are, however, of greater service in acute catarrh when used as

inhalations in appropriate strengths, e.g. 01. pini sylvestris 3ss.-j. to a pint of

boiling water, although it must be admitted that the hot moist air alone

may suffice to give marked relief in those cases where the inhalation plan

of treatment is advisable.

General tonic remedies are of great importance. These include

particularly cod -liver oil, arsenic, nux vomica, and iron, and a judicious

use of one or other of these remedies, either in very young or in old

subjects, frequently proves successful when ordinary expectorant remedies

have ceased to be beneficial. The severe early morning coughing in

chronic bronchitis is favourably influenced by the use of hot fluids at night,

e.g. hot toddy, gruel, or milk and water, assisted by administration of pot.

iodide (gr. x.) in very dilute form twice or thrice daily.

Occasionally a persistent cough, the result of previous local respiratory

trouble, may be got rid of by mild stomachic treatment, e.g. small doses of

rhubarb and soda.

Before recommending any remedy for the cure of a cough or removal of

expectoration in chronic conditions, very careful consideration should be

called to the following points :

—

(a) To gauge the condition of the bronchial mucous membrane from the

history of the patient, the amount of secretion, and the nature, time, and
severity of the coughing.

(&) To corroborate this information obtained by careful physical

examination, and specially the amount of moist and dry sounds, emphysema,
etc. In this examination the bases of the lungs should be specially

examined.
(c) The condition of the heart and circulation, and notably the right

heart.

(d) The personnel of each individual patient.

Careful consideration of these points will usually suffice to indicate the

special line of treatment to be followed. It will sometimes be found that

the use of an expectorant remedy or combination of remedies is the least

important point in treatment. Too much attention cannot be paid to the

beneficial influence of a change of air, to the thorough and constant in-

vigoration of the functions of the skin and other excretory organs, by the

use of suitable clothing, baths, exercises, and the like.
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Under the term sputum or expectoration we include all substances

expelled by coughing from the respiratory tract below and including

the larynx. The sputum is, of course, almost invariably contaminated

by nasal secretion and saliva ; these, however, will not be considered here.

I. General Characters.—(1) Amount.—This varies greatly according

to the nature and extent of the disease ; in some cases there may be only

a few cubic centimetres in the day, in others a pint or more. It is im-
portant for several reasons to note the quantity: it gives a clue to the

progress of the disease ; if excessive it may be a serious drain on the system,

since as much as 5 per cent of the total nitrogen excreted is sometimes
eliminated in the sputum ; finally, an abundant expectoration is often an
indication for remedies calculated to diminish its amount. Sputum is

usually absent in children up to the age of eight or nine, so that in them
we are deprived of a valuable diagnostic aid. Similarly, the aged or

enfeebled may not expectorate—often a most unfavourable sign, both as

indicating great prostration, and causing mechanical embarrassment of the

respiration.

(2) Colour.—In its simplest form—an increase of the normal bronchial

secretion—the sputum consists of clear mucus. When the catarrh is more
marked the addition of cells gives a whitish yellow, or (from admixture
of particles of carbon, etc.) a grayish white colour. With the increase of

cells, as the purulent condition is reached, the spit becomes yellower or

greenish. The exact cause of the bright yellow or green tinge of certain

purulent sputa is unknown ; in some cases it may be due to altered haemo-
globin, in others to bile-pigment, and in others to the action of chromo-
genic bacteria. The most typical examples of purulent sputa are found
where an empyema or hepatic abscess perforates the lung. In the latter

case, if the abscess be due to the amoeba coli, the sputum is of a brick-

red colour.

Another variety of clear translucent sputum (not infrequently, however,
slightly blood-stained) occurs in pulmonary oedema, where large quantities

of watery fluid—blood serum—may be brought up.

In haemoptysis blood may be merely streaked through the sputum, it

may be intimately mixed with it, or the expectoration may consist almost
wholly of blood. If the blood be well aerated the tint is bright red ; other-

wise it is darker and venous. The colour, however, is frequently altered

;

the rusty sputum of pneumonia is well known, in gangrene of the lungs
the sputum is often prune-juice coloured, and in other cases, where the
sputum has been retained for a long time, haematoidin may develop and
give a chocolate colour. In carcinoma of the lung the sputum sometimes
resembles.red-currant jelly; in some forms of sarcoma it is bright green.

(3) Consistence.—The most watery sputum is that of oedema of the
lungs ; the most viscid ' are those consisting largely of mucin, as in the
early stage of acute bronchitis. Purulent and muco-purulent sputa lie

midway between these extremes. The great viscosity of pneumonic ex-
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pectoration is probably due, not to mucin, but to the presence of nuclein.

The amount of air in the sputum depends partly on its consistence and
partly on its origin. Cceteris paribus, the air-content is greater in sputa

arising from the finer bronchi.

(4) Odour.—The expectoration is usually odourless, or, if purulent, has

a slightly mawkish smell. If it be retained in the lungs for any time

it may become extremely offensive, while very foetid sputa occur in gangrene

of the lung and bronchiectasis, in the latter of which, especially, the odour

is most acrid and penetrating. Such aromatic drugs as paraldehyde,

turpentine, etc., may communicate their odour to the expectoration.

(5) Form.—The more viscid sputa may retain a characteristic shape

after expectoration. The well-known nummular spit of phthisis and the

less common fibrinous casts in plastic bronchitis are examples of this.

Nummules consist of collections of muco-pus, usually about the size of a

bean, which tend to remain separate, and float or sink in water according

to the amount of air they contain. Another characteristic sputum is

one containing small, yellowish, cheesy masses. These are found in three

conditions—phthisis, bronchiectasis (Dittrich's plugs), and where the caseous

masses from the tonsillar crypts contaminate the sputum. Dittrich's plugs

and tonsillar concretions are foetid, and consist of degenerated epithelium,

bacteria, crystals, detritus, etc. In phthisis the masses are odourless, and
contain numbers of tubercle bacilli.

When the expectoration is allowed to stand in a conical glass it fre-

quently separates into three layers—a lower one of cells and the denser

constituents generally, a middle, liquid, portion, and an upper, frothy layer.

(6) Composition.—There are four main varieties of sputum—mucous,

purulent, serous, and sanguineous. Commonly, however, an expectoration

combines one or more of these characters—sero-sanguineous, muco-purulent,

etc. Sputa due to catarrh of the respiratory tract are mucous or muco-
purulent ; those due to oedema, serous. There is some doubt as to whether

mucin is present to any considerable extent in the sputum of croupous

pneumonia. When the catarrh is severe the cellular elements may increase

until the sputum consists almost entirely of pus. An expectoration of pus

occurs in pulmonary abscess, perforating empyema, etc. Blood may be found

in small amount after severe coughing from rupture of some of the capillaries

in the upper air-passages ; it is then of no significance. One of the most
common causes of hsemorrhage is a destructive change—almost invariably

tubercular—in the pulmonary alveoli. Again, bleeding may be due to the

bursting of a large vessel into a cavity ; in such cases pure blood is brought

up, often in great quantity. A slight admixture of blood is very common
in serous sputa from rupture of the engorged pulmonary capillaries. A
somewhat characteristic muco-sanguineous sputum may be caused by the
" weeping " of a thoracic aneurysm which is eroding the wall of a bronchus

;

this often presages rupture of the sac.

Little of practical worth has yet accrued from the chemical examination of the

sputum. The chief albuminous constituents are mucin and nuclein, while in

serous sputa we have serum-albumin, and in purulent sputa peptone. Fatty
acids, glycogen, ferments, and various inorganic salts have also been found, but
none of them have any particular clinical significance. Schmidt (1) suggests a
microscopic method whereby pneumonic may be differentiated from bronchitic

sputum. The expectoration is finely divided by shaking with corrosive sublimate
solution, and is then stained with Ehrlich's triacid solution. When the ground
substance of the sputum is mucin, as in bronchitis, a greenish colour is imparted
to it ; when pneumonic or serous it takes on a red or violet tinge. The test is

only applicable to sputa containing comparatively few cells.



EXPECTOKATION 357

(7) Specific Gravity and Reaction.—The specific gravity of the sputum
lies between 1004 and 1037 ; it is of no importance. The reaction is always

alkaline.

II. The Sputum in vakious Diseases.—Bronchitis.—In acute bronchitis

the sputum is at first scanty, viscid, and frothy, consisting chiefly of mucus

;

later it becomes more abundant and muco-purulent from the admixture

of cells. Most of the cells are leucocytes, and in certain cases very many
of these are eosinophilous. It has been proposed to call such cases (which

have a subacute course, with relapses) eosinophilic bronchitis, but they

do not appear to have such definite clinical features as to merit a special

name.
In the capillary bronchitis of childhood and age expectoration is com-

monly absent.

In chronic bronchitis the expectoration may be very slight ; usually,

however, it is fairly abundant and muco-purulent. Sometimes it is so

copious as to deserve the name bronchorrhcea, which may be mucoid or

purulent. The sputum is usually odourless unless putrefactive changes

ensue. It is generally most abundant in the morning, and is often expelled

in large mouthfuls. It contains leucocytes, epithelium, and sometimes

fatty acid crystals. The last named, as well as moulds and yeasts, point

to retention of the sputum in the bronchi. In dry chronic bronchitis

scanty, tough pellets of mucus, sometimes containing spirals and Charcot-

Leyden crystals, are expectorated. Should bronchitis complicate another

malady the sputum may derive from the blood substances

—

e.g. bile, sugar,

urea—whose presence therein is due to the primary disease.

Bronchiectasis and Putrid Bronchitis.—In the former the sputum may
be odourless ; commonly, however, it is extremely foetid. The expectoration

is darker than in bronchitis ; it has a somewhat oily consistence, and on

standing separates into three layers. It consists chiefly of mucus and pus

cells, but may also contain Dittrich's plugs, various organisms (to one of

which, possibly, the odour may be due), crystals of hsematoidin, cholesterin,

and fatty acids, Charcot-Leyden crystals, and yellow elastic tissue. Dittrich's

plugs are caseous masses originating in the smaller bronchi, and composed

of debris, fat globules, crystals, putrefactive organisms, cercomonas, lepto-

thrix, sarcinae, etc. Haemoptysis may occur in bronchiectasis.

Plastic Bronchitis.—Large fibrinous casts may be expectorated, which

when floated out in water show the ramifications of the bronchi down to

their finest terminations. In other cases only small casts of the bronch-

ioles are brought up, though often in considerable numbers. Curschmann's

spirals, eosinophile cells, and Charcot-Leyden crystals may accompany the

casts.

Asthma.—A mucous expectoration, with more or less admixture of cells,

is present only towards the end of the paroxysm. Three special con-

stituents require mention : Curschmann's spirals, which are more common
in this disease than in any other, eosinophile leucocytes, and Charcot-Leyden

crystals.

Croupous Pneumonia.—In the early stage the viscosity of the sputum
is sometimes so great that the spittoon can be inverted without its contents

falling out. At this time the sputum may be clear, or but slightly yellow,

but the typical rusty tint soon develops. In uncomplicated cases the

sputum is never very abundant ; it persists for a day or two after the

crisis. By floating it out in water casts of the bronchioles can sometimes

be seen. It contains a few leucocytes and a fair number of red cells, many
of the latter, however, having yielded up their pigment to the ground
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substance of the expectoration. The most important constituent is the

exciting organism—usually the pneumococcus, but sometimes the pneumo-
bacillus or some other microbe.

In almost no disease is the daily examination of the sputum so important

as in pneumonia. Instead of being rusty, it may be greenish-yellow, choco-

late, or prune-juice coloured. Should it suddenly become abundant and
serous, the onset of oedema will be suggested. The expectoration of large

quantities of dark-brown, frothy sputum is a bad sign ; it is frequently due
to localised necroses of lung tissue, the areas being too small to yield recog-

nisable physical signs. Other unfavourable terminations may be shown by
a copious purulent spit, indicating (in the absence of bronchiectasis) abscess-

formation, or by the occurrence of the foetid expectoration of pulmonary
gangrene.

Pulmonary Tuberculosis.—Owing to the extreme variability of the

course and morbid anatomy of this disease, the naked-eye appearances of

the sputum vary so greatly as to be of little diagnostic value. The amount
and nature are, however, a rough guide to the activity of the disease and
the condition of the patient.

In acute miliary tuberculosis the sputum is scanty, and resembles that

of the earlier stage of acute bronchitis; it may, indeed, be absent. In
ordinary chronic phthisis we usually find a muco-purulent sputum with

occasional haemoptysis. Perhaps the most characteristic feature of the

sputum is its heterogeneity. Some parts are but slightly purulent and
consist chiefly of mucus, others are more densely yellow and may form
nummules, while here and there little cheesy masses, or, more rarely,

calcareous granules are seen. Though suggestive of excavation, nummules
are not pathognomonic of it, since they may arise in the bronchi.

Haemoptysis may be so slight as only to tinge one or two spits, it may occur

as a continuous oozing, or may be severe and rapidly fatal. The microscopic

constituents whose importance causes them to overshadow all others are

yellow elastic tissue and tubercle bacilli.

Gangrene of the Lung.—The fcetor is extreme, but less pungent than in

bronchiectasis. The sputum is abundant, dark-coloured, and on standing

tends to separate into layers. Microscopically, we find debris of lung

substance, various organisms, haematoidin crystals, etc., but, on account of

the presence of ferments, no elastic tissue. It must be remembered that

the sputum may suggest gangrene, without that actually being present, and
that the converse of this may also occur.

Abscess of the Lung.—As a rule the abscess empties itself periodically,

and the patient, after bringing up a large quantity of pus, has relief for a

time. An empyema or abscess perforating the lung from without gives rise

to the same symptoms, and multiple dilatation of the smaller bronchi may
have a similar result. The presence of elastic tissue of alveolar form may
assist in the diagnosis of abscess from perforating empyema and bronchi-

ectasis. Besides the elastic tissue organisms may be found. One of the

pyogenic cocci is commonly present, or, in rarer instances, some other

microbe.

In amoebic hepato-pulmonary abscess the sputum (according to Davidson)

is rather mucoid than purulent, being partly watery, partly viscid and
frothy; in the earlier stages red corpuscles predominate over leucocytes,

giving a bright red to a dull brick-red or brownish colour. The expectora-

tion contains numerous small, friable, cheesy masses, while microscopically

various crystals, elastic fibres, and, in particular, the amoeba coli can be seen.

(Edema of the Lungs.—The sputum is frothy, watery, copious, and poor
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in formed constituents. It is often blood-stained, but contains few red

corpuscles, the coloration being due mainly to blood-pigment. Unlike

most other sputa it is rich in serum albumin, and has a high specific

gravity.

III. Microscopical Examination of the Sputum.—Although for the

recognition of organisms staining is necessary, the examination of fresh

specimens of sputum, by placing a small portion under a cover-glass, with

or without the addition of a drop of acetic acid, should not be omitted.

The cells may be further studied by fixing thin films for five minutes in

formalin 1, alcohol 10, and staining with eosin-heematoxylin or eosin-

methylene blue.

(1) Cellular Elements.—Leucocytes are usually abundant ; they may be

highly granular, or contain in their interior carbon particles or altered

blood-pigment. Eosinophile cells may be found in great numbers in the

sputum of asthma and of so-called eosinophilic bronchitis.

Bed corpuscles retain their form for a considerable time after extrusion

from the vessels, the principal change to which they are liable being loss of

pigment, which passes into the ground substance of the sputum. In course

of time, however, they shrink, and become otherwise altered, leaving behind

pigment granules or hsematoidin crystals. Blood corpuscles are, of course,

present in all cases of haemoptysis, but it is important to remember that a

few may be found in almost every sputum.

Epithelium.—Squamous epithelium is derived from the mouth, pharynx,

or larynx, especially about the true cords. Ciliated epithelium is rare ; if

abundant, it has probably come from the nares, since most of the ciliated

epithelium of the trachea and bronchi loses its cilia when shed, and appears

in the sputum in the cubical form.
The most important epithelial cells, however, are the so-called alveolar

cells, although their source and significance are still doubtful. These are

very common ; they are round or oval cells, several times as large as a

leucocyte, with one or more nuclei situated in a granular or fatty proto-

plasmic body. Semi-translucent, rounded myelin droplets with sharp out-

lines may be found in some of these cells, as well as free in the substance of

the sputum. It is said that when alveolar epithelium is found in abundance

it indicates a catarrhal condition of the alveoli rather than of the finer

bronchi. Alveolar epithelium often contains blood-pigment, particularly in

chronic venous congestion of the lung.

(2) Lung Tissue.—Comparatively large pieces of lung tissue are occa-

sionally expectorated in cases of gangrene of the lung. The most important

substance coming under this head is, however, yellow elastic tissue, which is

pathognomonic of destructive change in some part of the respiratory tract.

It may be found wherever—as in bronchiectasis—ulceration of the bronchi

is proceeding, and is sometimes present in croupous pneumonia where there

is localised necrosis of the hepatised lung. It is generally (but not invari-

ably) absent from the sputum of gangrene, owing to the development of a

ferment which dissolves it. But its chief diagnostic value (though this has

been somewhat discounted of late by the ease with which the bacillus can

be detected) is in the early diagnosis of phthisis, and since elastic tissue

undoubtedly sometimes precedes the bacillus in the sputum, it should be

sought for in doubtful cases. The sinuous fibres are highly refractile, with

well-defined outlines ; they branch dichotomously, and are sharply broken

off, not frayed, at the ends. As they may arise from ulceration of the

bronchi as well as from changes in the parenchyma of the lung, only those

which retain the alveolar arrangement justify the diagnosis of phthisis.
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Where the fibres are abundant it is sufficient to place one of the denser

portions of the sputum on a slide with a drop of liquor potassse, and examine

under the microscope. If they are scanty the sputum should be boiled for

five minutes with an equal bulk of liquor potassse, and diluted with several

volumes of water. The deposit collected on standing, or in the centrifuge,

will then contain the fibres.

(3) Curschmann's spirals appear as whitish, rolled-up, sago-like balls

;

closer inspection shows them to consist of a coiled spiral thread, which, when
extended, may measure 1-2 cm. They appear to consist of cells embedded
in a matrix whose delicate fibrils run spirally round a clear, bright, axial

thread, which has a convoluted, zigzag course. Some spirals, however, lack

the central thread. The source, nature, and mode of formation of these

spirals have been much debated. They certainly arise in the bronchioles,

and their spiral character is probably due to the substance of which they

consist becoming twisted as it is expelled. Troup regards the axial thread

as epithelial ; others look upon it, with the rest of the spiral, as fibrinous.

Sputum containing spirals is excessively tenacious, and not infrequently

shows—sometimes in the spirals—eosinophile cells and Charcot-Leyden

crystals. Spirals point to a catarrh of the bronchioles

—

bronchiolitis exuda-

tiva (Curschmann) ; they occur in many cases of asthma, and occasionally

in bronchitis, pneumonia, and oedema of the lungs.

(4) Fibrinous casts may form in the respiratory passages as a result of

scalds, etc., and in various infective conditions. They also occur in

diphtheria, pneumonia, and plastic bronchitis. It may be impossible to

make a diagnosis of their source by the microscope alone, but attention to

the clinical features of the case will usually obviate difficulty in this respect.

In plastic bronchitis casts of a large part of the bronchial tree may be

expelled, or, in another set of cases, only short branching casts (obviously

from the smaller bronchioles) are seen. The latter are associated with

paroxysmal asthma-like attacks, and it is probable that although they show

no spiral arrangement they are allied to true spirals. Casts consist of cells

embedded in a homogeneous matrix ; they may contain spirals, Charcot-

Leyden crystals, or eosinophile cells. They dissolve in alkalies, and swell

up on the addition of acids. The casts of diphtheria generally consist of

comparatively small pieces of membrane, in which the Loeffler bacillus can

be demonstrated. Casts of the smaller bronchi can often be detected in

croupous pneumonia if the sputum be floated out in water ; they are seldom

of importance clinically.

(5) Crystals.— Charcot-Leyden crystals are colourless, sharp -pointed

octahedra of uncertain chemical composition. They are insoluble in alcohol,

ether, and chloroform, but dissolve in acids and alkalies. They occur (often

only after the sputum has been allowed to stand for a time) in asthma and

other conditions, frequently along with spirals and eosinophile cells.

Needle-like crystals of the fatty acids, sometimes arranged in rosettes,

are common in sputa which stagnate in the bronchi. They are insoluble

in acids and alkalies, but dissolve in alcohol and ether.

Hcematoidin crystals may occur either in the cells or ground substance

of the sputum. In the former case they are usually scanty, and (according

to von Jaksch) point to previous rupture of a pulmonary vessel. If

abundant they are suggestive of a pulmonary abscess or empyema. Among
rarer crystals, cholesterin, leucin and tyrosin (occurring in bronchiectasis or

pulmonary abscess), oxalates, and triple phosphates may be mentioned.

(6) Tumour Growth.—In cases of intrathoracic tumour portions of the

growth may, though rarely, be found in the sputum.
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(7) Vegetable Parasites.—A. Pathogenic. Tubercle Bacillus—Method of examina-
tion.—The suspected sputum is spread out in a flat dish—preferably black—and a
thick, purulent portion is sought for. When the expectoration consists entirely

of mucus, the detection of the organism becomes more difficult, but should still be
attempted.
A piece of the selected portion of sputum about the size of a pin's head is then

removed with a fine pair of forceps, and placed on a clean cover-glass, over which
another is placed, and the two squeezed together so as to spread the sputum in a
thin layer. The cover-glasses are then separated by sliding apart, and the films

are allowed to dry. They are then fixed by passing thrice rapidly through the
flame of a spirit-lamp, great care being taken not to scorch them. They are now
ready for staining, which is as easily accomplished by the Ziehl-Neelsen method
as by any other. A few drops of carbol-fuchsin (fuchsin 1, alcohol 10, 5 per cent
aqueous solution of phenol, 100) are placed in a watch-glass, and the cover-glass is

floated thereupon, film side downwards. The whole is then heated until it steams,

and is allowed to stand for five minutes, after which it is washed and then placed
in a strong aqueous solution of methylene blue containing 20 per cent of sulphuric
acid. In this it remains for 1-2 minutes, but should be removed and rinsed at
intervals to see how the staining is going on. It is generally advisable to stop
the process while there is yet a faint tinge of pink in some part of the film.

Having finally washed the film, it is dried between layers of filter -paper and
mounted in balsam.

There is usually little difficulty in detecting bacilli if they are present.

They appear as small, straight or slightly curved, red-stained organisms,

while other bacteria, cells, etc., are bright blue. The discovery of the

bacillus is chiefly of diagnostic value. Opinions differ as to the prognostic

importance of their number and form, but, although the sputum may be

laden with them in cases which are doing well, and vice versa, their presence

in very large numbers is generally ominous. Little importance can be

attached to irregularities in the shapes of the bacilli : these were formerly

thought to be a sign of sporulation, but this has not been definitely proved.

Since the bacilli in the sputum may be few, a single negative observation is

of little value, and must be repeated. In doubtful cases a little liquor sodse

should be added to the sputum, and the whole diluted after warming gently

;

the deposit collected on standing or in the centrifuge must then be

examined.

Pneumococcus.—This may be recognised by staining films of sputum
with methylene blue or carbol-thionin blue. The organisms are seen as

small oval cocci about If* in diameter, usually arranged in pairs or in rows
of six or eight. Each pair (or diplococcus) is surrounded by a pale, unstained

zone—the capsule. The diplococcus is also stained by Gram's method, but
for differential staining of the capsule special methods are required. Since

the pneumococcus may be absent from the sputum in pneumonia, and
present apart from that disease, it is only of value as confirmatory evidence.

In about 5 per cent of cases of pneumonia Friedlander's bacillus is

present. It somewhat resembles the pneumococcus in form, and, like it,

possesses a capsule. It is stained by the basic aniline dyes, but not by
Gram's method. Further important staining methods are described on

p. 504
Influenza Bacillus.—This is present in the sputum in influenza (in

many epidemics, at least) if the respiratory tract be involved. It is a

minute organism about "5 /* long, lying singly, in groups, or in chains. It

stains with carbol-fuchsin, but not by Gram's method. Its recognition is a

matter rather of scientific than of practical interest.

Other organisms may be found in the sputum. Pyogenic cocci are pre-

sent in many cases of broncho-pneumonia, and, in fact, in almost all

purulent sputa. In pneumonia secondary to an infectious disease

—

e.g.
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typhoid, diphtheria, etc.— the specific organism may be found; more
commonly, however, we have the pneumococcus. The bacillus mallei has
been described in cases of glanders affecting the respiratory tract. Last, in

cases of pneumonic plague, the diagnosis rests on the discovery of the

bacillus.

Actinomycosis of the lung may show itself by the presence in the spit of

the characteristic yellow granules composed of the club-shaped filaments of

the ray fungus. The only other of the higher micro-organisms which is

pathogenic in the sputum is the Aspergillus fumigatus, a mould to which
pulmonary aspergillosis—an excessively rare disease—is due. Since other

moulds are not uncommon, cultural methods are needed for the recognition

of the aspergillus fumigatus.

B. Non-pathogenic,—Among these may be mentioned the putrefactive

bacteria, leptothrix, and vibriones, none of which are uncommon. Sarcinse

are sometimes found in cases of ulceration of the bronchi, and yeasts and
moulds may occasionally be detected. The oidium albicans is usually due to

contamination from the mouth, though probably thrush sometimes involves

the upper portion of the trachea also.

(8) Animal Parasites.—The Distoma pulmonale gives rise to a form of

pulmonary disease (distomiasis), endemic in Japan and Corea, and associated

with haemoptysis. The brown ova,
-

1 mm. long by '05 mm. broad, are found
in the sputum. In cases of hydatids involving the lung, portions of cyst-

wall, scolices, or hooklets may be expectorated. Trichomonades have been

found in the sputum of gangrene, and the amoeba coli in the pus from an
hepatic abscess. When the presence of the amoeba is suspected the sputum
should be examined on a warm stage as soon after expectoration as possible,

when the motility of the organism will serve to distinguish it. In the

resting condition it is a pale greenish, highly refractile structure, whose
average diameter is from 12 to 26 jx. The body consists of a clear, homo-
geneous ectoplasm, and a darker, granular entoplasm. There is an eccentric-

ally placed nucleus, for whose detection, however, staining is required. By
fixing films in alcohol and staining with methylene blue the entoplasm is

deeply stained, while the ectoplasm remains almost colourless. The best

picture of the nucleus is given by fixing in Fleming's solution and staining

with saffranin and acid fuchsin (Davidson).
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Eye, Clinical Examination of.

Introductory ....
Patient's Appearance, Gait, etc.

Leading Symptomatology
The Eyelids and Lachrymal Ap-

paratus ....
The Ocular Conjunctiva

Photophobia and Blepharo-

spasm ....
The Cornea ....
An examination of the eye may be required to discover the cause of

ocular symptoms, to aid in the diagnosis of some general condition, or to

ascertain the fitness of the subject of the examination for a particular

occupation.

For whatever purpose the examination is undertaken it should be con-

ducted upon a definite plan, otherwise some points may easily escape de-

tection. It is, of course, not necessary that the whole examination should

be gone through in every case. Some symptom may direct attention at

once to the salient feature in the case, or an opinion may be required on

some particular point.

Cases which are examined in consequence of a defect in vision usually

come, in the first instance, under the notice of the ophthalmic surgeon, but

in the course of his examination he not infrequently is led to the discovery

of some general disease previously unsuspected. Perhaps the most frequent

example of this is the diagnosis of albuminuria or glycosuria from changes

in the retina. The presence of optic atrophy, or of abnormal action of

the pupils, may lead to the discovery of tabes dorsalis, or disseminated

sclerosis. While a diagnosis of syphilis, inherited or acquired, may be

established by an examination of the cornea, iris, or choroid.

The physician not infrequently is aided in his diagnosis by an examina-
tion of the eye, as, for example, when the presence of double papillitis

tends to strengthen a doubtful diagnosis of intracranial growth, or when
the localisation of a cerebral lesion is aided by noting the condition of

the visual fields, or abnormalities in the action of the orbital muscles
or pupils.

Candidates for the Government services, for the posts of railway signal-

men, or of officers on ships, and even school-board teachers, afford examples
of the need for an examination of the eyes. Examinations for such pur-

poses are often entirely neglected, or inefficiently carried out, to the great

injury of the individual and the danger of the public (vide " Colour Vision ").

Before beginning a detailed examination of the eyes a general survey of

the patient should be taken, and any outstanding evidences of past or

present disease or injury mentally noted. Syphilis, hereditary or acquired,

is of primary importance in this respect, while among other diseases speci-

ally liable to give ocular manifestations may be mentioned Bright's disease,

diabetes, and locomotor ataxy. The so-called diathesis of the patient may
be important especially in relation to rheumatic and gouty conditions in

adults, and to the so-called strumous affections in children. In cases of

cerebral tumour the patients seldom seek advice spontaneously on account
of defective vision, the examination of the eyes being usually made to aid

the physician in establishing a diagnosis.

The gait and bearing of the patient should always be noted. Unsteadi-
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ness of gait may be an indication of some severe nervous lesion, but may
also be due to the vertigo produced by recent paralysis of an ocular muscle.

In the latter case the head is often held obliquely, being turned in the

direction of action of the paralysed muscle. A patient with nuclear

cataract will often walk towards the window with his head slightly bent,

and his hand shading his eyes in order to get the pupils to dilate so as to

enable him to see past the central opacity. Patients with double ptosis

often walk with the head thrown backwards and the brows wrinkled, so

that they may see from under the overhanging lids.

The eyes should next be looked at from a distance of a few feet in a

good light, and any evident abnormal appearances noted. The position of

the eyelids, the size and shape of the palpebral fissures, and any undue re-

traction (enophthalmos) or prominence (exophthalmos) of one or both eyes

should be specially noticed. Abnormal movements of the eyes, such as

nystagmus, or misdirection of one of the visual axes (strabismus), will, if

marked, be evident at a glance.

An inquiry into the symptoms complained of by the patient should now
be made, and will often greatly aid the surgeon in diagnosis and treatment.

1. Defects in Vision.—The acuity of vision should be measured and

recorded by the method given below. At the same time the range of

accommodation and convergence should be noted. It should be ascertained

if the prolonged use of the eyes upon near objects caused dimness, pain, or

discomfort (asthenopia). In the case of any real lowering of the vision an

attempt should be made to ascertain whether the defect is of recent origin,

if its onset was sudden or gradual, and if at the time of the examination it

is progressive or stationary. It must be borne in mind in this connection

that a patient often suddenly, and by accident, discovers that one eye is

defective, and usually dates the onset of the defect from that moment.
2. Diplopia.—Although this symptom is often referred by the patient

to one eye it is always binocular, and due to deviation of one of the visual

axes (squint) caused by partial or complete paralysis of an ocular muscle.

In slight cases in which the deviation is not obvious the diplopia becomes a

most valuable means of localising the lesion (see " Ocular Muscles "). Con-

comitant (non-paralytic) squint hardly ever leads to a complaint of diplopia.

True monocular diplopia is so rare that it need not be considered.

3. Distortion of Objects (Metamorphopsia).—This arises chiefly under

three sets of conditions :—(1) Irregular astigmatism
; (2) Exudation into

the retina and choroid, especially in the macular region, interfering with

the regular arrangement of the percipient elements
; (3) Anomalies of

accommodation causing errors of judgment as to the distance and size of

objects.

4. Subjective Sensations of Light ; Spots before the Eyes ; Anomalies of

Colour Vision.—A constant sensation of dazzling is sometimes associated

with inflammatory lesions of the optic nerve or retina due to morbid

stimulation of the conducting or percipient apparatus. Similarly in the

early stages of retinal detachment sudden flashes of light are often com-

plained of. Sensations of light (phosphenes) are readily produced by

pressure on the eyeball behind the ora serrata, and are due to the same

cause. They are referred to the part of the visual field corresponding to

the area of retina stimulated ; thus pressure below will give a phosphene

above, and so on. The peculiar subjective visual phenomena accompanying

migraine depend probably on stimulation of the higher centres connected

with vision. In opacities of the media the appearance of a dark object or

objects may be complained of. If the object is described as moving or
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floating the opacity is in all likelihood situated in the vitreous. Eeal

opacities visible with the ophthalmoscope must not be confused with the

floating specks (muscce volitantes) so often noticed by patients, especially if

an evenly illuminated surface as the sky be looked at. These have no
pathological significance. Blind areas on the visual field occur in many
forms of eye diseases, constituting scotomata. If the blind area is noticed

by the patient the scotoma is said to be positive, and is caused by a lesion

situated in front of the percipient layer of the retina. A negative scotoma

can only be discovered by the perimeter, and is due to loss of function in

the percipient layer. The presence of rings of colour round lights is a well-

known premonitory symptom of glaucoma.

The occupation and habits of the patient have often an import-

ant relation to symptoms complained of or to actual diseases observed.

Thus miners are liable to nystagmus, which has been attributed to strain

of the ocular muscles produced by their working in cramped attitudes and
also to the defective illumination. Asthenopia is much more frequently

complained of by those who have to use the eyes for near work, as in

reading, writing, sewing, etc. Poor and dirty surroundings predispose

to all affections of the lids and conjunctivae, abuse of tobacco and alcohol

frequently gives rise to impaired vision, the so-called toxic amblyopia, and
workers exposed to the action of lead, carbon-bisulphide, and other sub-

stances may present ocular symptoms as a manifestation of the poisoning

of the system.

A detailed Examination of each Eye should now he made.—The append-

ages of the eye—the lids and lachrymal apparatus—should first be examined.

Secretion forming crusts on the edges of the eyelids indicates blepharitis,

the only condition that can be mistaken for it being pediculi (ptheiriasis

palpebrarum). Examination with the pocket lens would at once show the

nits adhering to the lashes. The shape and position of the eyelids should

then be noted. The margins may be everted, " ectropion "—or inverted,
" entropion." The former may result from old blepharitis, chronic con-

junctivitis in old people, or it may result from the traction of cicatrices on
the face. Paralysis of the facial nerve causes a slight ectropion of the lower

lid, and lachrymation owing to the punctum falling away from the eye.

Without any entropion being present a few lashes may be displaced so

as to turn in and brush against the cornea. As such hairs are often very

fine they are easily overlooked, unless a lens is used to examine the lid

margin. Occasionally a source of conjunctival irritation is an eyelash im-

pacted in one canaliculus, the free end coming into contact with the

cornea.

The condition of the lachrymal apparatus should next be ascertained.

The lachrymal gland cannot usually be felt unless it is pathologically

enlarged. Its edge can then be made out as a smooth, hard body immedi-
ately below the outer third of the upper margin of the orbit. Obstruction

in the drainage apparatus is, on the other hand, excessively common. The
punctum may be congenitally absent, it may be occluded by cicatrisation,

or displaced from ectropion. In all these conditions the tears, being unable

to escape by the natural channels, run down the face.

More frequent and more serious than these conditions is obstruction of

the nasal duct. When this is present the tears accumulate in the lachrymal

sac, and regurgitate into the conjunctival cul-de-sac when pressure is made
over the lachrymal sac in a direction backwards, upwards, and inwards.

Sometimes the obstruction is incomplete, and the contents of the sac can

be pressed down the duct. The contents of the sac may consist of tears
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only, of tears mixed with mucous secretion (hence the term " mucocele "),

or of pus.

The existence of a mucocele is important in view of any operative pro-

ceeding on the eye, as the wound may easily become infected with pyogenic

organisms.

Epiphora, or watery eye, is common to all affections of the lachrymal

drainage system. It may, however, be present merely as the result

of over-secretion of tears. This may be due to an error of refraction, but

it is not infrequently met with without any ascertainable cause. The
conjunctiva in these cases appears to be hypersensitive, and on its exposure

to cold air a reflex secretion is brought about (see " Lachrymal Gland ").

We now return to the eyelids to consider the condition of their mucous
surface. To expose this it is necessary to evert the lids. In the lower

lid this is effected by merely drawing the free edge downwards, but to evert

the upper lid neatly and painlessly requires some little dexterity.

Either of the following two methods may be employed—(1) The surgeon

stands behind the patient, the latter pressing his head against the surgeon's

chest. The patient should look down, while the surgeon holding some
round body, such as a probe or pencil case, lays it gently horizontally on
the lid, just above the upper edge of the tarsus. With the thumb and fore-

finger of the other hand he takes hold of the free edge of the lid and draws
it downwards and forwards. The probe being held firmly, the lower edge

of the lid can now be drawn up and the lid everted.

(2) The surgeon faces the patient, and using his right hand for the

patient's left eye, and vice versa, he places the pulp of his index finger on
the lid, and uses this as the fulcrum, while the thumb is placed under the

free edge of the lid, which it pushes forwards. This method requires more
practice than the other, but is somewhat quicker, and it can be applied to

both eyes at once. With either it is important that the patient should

look down in order to relax the levator muscle.

The conjunctival surface of the lid thus exposed should be moist and
perfectly smooth, except over the prominences caused by the ends of the

tarsus, where a few minute papillae can generally be seen. The colour is

pale red from fine blood-vessels. As regards shape, it is concave from side

to side, but from above downwards it should be nearly flat. Parallel with

the free edge, and two millimetres from it, is a fine groove, which is a

frequent lodging-place for foreign bodies. The cul-de-sac should also be

explored. To expose the upper the patient should look well down while

the lid is kept everted. If the surgeon will then press the globe gently

backwards the upper cul-de-sac will usually roll forward. The tissue of

the cul-de-sac is loose and contains lymphatic bodies which, when swollen,

look like grains of boiled sago. These " follicular granulations " are some-

times evidence of malnutrition, but they are occasionally met with in

persons who appear to be in perfect health. It is possible that their

presence increases the liability to any contagious conditions, but they are

not of themselves of any other importance.

The palpebral conjunctiva may be velvety from chronic inflammation,

it may be covered by sticky mucus or with pus. In catarrhal or purulent

ophthalmia the secretion may be coagulated into shreds or membranes ; but

this condition must not be confounded with the much rarer, but more
serious, diphtheritic inflammation. In the latter a raw surface is left on

removal of the membrane, and bacteriological examination will show the

specific organisms.

It is probable that all abnormal conjunctival secretions are contagious
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to some degree, but their virulence varies greatly. Next to the diphtheritic

cases the most actively contagious are those in which the gonococcus is found
in the secretion.

Bacteriological examination is of great diagnostic value in some cases.

It must, however, be borne in mind that the conjunctiva being constantly
exposed to the air affords a lodgment for many micro-organisms, which may
have no causal relations to affections of the conjunctiva since they are
present under normal conditions.

The lid linings may be affected with trachoma—granular lids ; in such
cases the lid is rough from " granulations," which vary in appearance, some
being round or oval grayish bodies like the follicular bodies already
described, others large truncated elevations of the colour of the normal con-
junctiva. At a later stage these become firmer and less vascular ; finally

they may disappear, leaving depressions, so that the lid has a honeycombed
appearance. At this stage cicatricial contraction takes place, the groove
near the free margin becomes deeper, and the whole lid becomes more
curved from above downwards, so that the lashes may brush against the
cornea—entropion.

In all cases of trachoma the cornea should be carefully examined, since

vessels are very apt to encroach on its upper margin—pannus.
In cases of trachoma of old standing the roughness may disappear, but

there are bands of cicatricial tissue beneath the conjunctiva, and by the
contraction of these the lid is shortened and curved, the palpebral fissure

narrowed, and the depth of the culs-de-sac diminished. At the same time
the surface of the conjunctiva is unnaturally dry, owing to the destruction

of its glands.

A somewhat similar condition is occasionally seen independently of

trachoma. This has been called " essential shrinking of the conjunctiva,"

or more recently "pemphigus," because in many cases the history has
pointed to a connection between this disease and pemphigus of other
mucous membranes. The disease is progressive, and eventually the whole
of the culs-de-sac become destroyed, the lids being in contact with and
adherent to the globe, and the cornea dry and opaque.

The ocular conjunctiva next claims our attention. This should be quite

transparent, so that the sclerotic is visible through it; it should contain
only a few visible vessels, and should be freely movable over the sclerotic.

There are a considerable number of small vessels which readily become
distended and visible on exposure to any irritant hypersemia of the conjunc-
tiva. The distinction between this and simple conjunctivitis is one merely
of degree.

It is a matter of considerable importance to distinguish between con-
junctival and ciliary injection. The former is due to distension of super-
ficial vessels which supply the conjunctiva only, the latter to distension of

fine vessels round the cornea, which are non-perforating branches of vessels

which supply the iris and ciliary body.

When the vascularity is purely conjunctival the vessels are distributed

over the whole surface ; they can be emptied by slight pressure with the
finger through the eyelid, and they can be moved with the conjunctiva
over the surface of the sclerotic.

In ciliary injection the affected area is limited to a zone about a quarter
of an inch wide round the cornea. The vessels can only be emptied by
firm pressure, and they are immovable.

The distinction in typical cases is therefore easy, but long-continued
conjunctival injection may cause some distension of the deeper vessels with
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which they communicate, and ciliary injection is usually complicated with
conjunctival.

If the injection is purely conjunctival inflammation of the iris may be
excluded. On the other hand, the presence of ciliary injection should

always raise a suspicion of inflammation of iris, cornea, or ciliary body.

In catarrhal conjunctivitis, or catarrhal ophthalmia, the palpebral as well

as the ocular portions are affected. In addition to the vascularity there is a

secretion of mucus, which may merely be sufficient to render the surface

sticky, or may be more abundant. Since the corneal epithelium is

continuous with that of the conjunctiva it is often involved, superficial

ulcers being formed.

Phlyctenular conjunctivitis, or strumous ophthalmia, is common in

children; it may be associated with the catarrhal form, or may occur

independently of it. Small round white elevations, about the size of

millet seeds, appear usually at the margin of the cornea—" phlyctenules."

They may lie at some distance from the cornea, or there may be on the

cornea itself small round superficial ulcers which are of the same nature.

Photophobia, and Blepharospasm.—In any inflammatory condition of

the eye the photophobia may be so intense that it leads to a reflex con-

traction of the orbicularis, which may render examination of the eye difficult

or impossible. Photophobia occurs more readily in children than in adults,

and is often present in them in a severe form when careful examination of

the eye fails to detect more than a slight catarrhal ophthalmia. As a rule,

however, severe photophobia indicates that there is some ulceration of the

cornea, or that this has been present till recently. The dread of light, how-
ever, sometimes persists long after the cause has disappeared, and seems in

such cases to be due to the fear that light will hurt, as it used to do, rather

than to any actual pain. When the photophobia is of this mental character

it can often be overcome by placing the child with its face away from the

light, and then reflecting light on to the eye from a mirror.

When the spasm of the orbicularis has lasted long a mucous chink

forms at the outer canthus, and relief may sometimes be obtained by
dividing the fibres of the orbicularis through this.

When it is desired to examine the cornea in infants the child should be

laid on its back on the nurse's knee, with its head towards the surgeon, who
is also seated, so that he can steady the child's head between his knees. In

cases of purulent or diphtheritic ophthalmia it is well for the surgeon to

protect his own eyes by goggles. The lids can now be separated by placing

a thumb upon each near the margin and gently drawing them apart.

When the lids are swollen care must be taken, by keeping them pressed

against the cornea, that they do not become everted. It may, however, be

impossible to see the cornea in this way owing to its being rolled upwards.

In such cases a general anaesthetic should be employed.

In cases of purulent ophthalmia examination of the cornea is rendered

difficult by the swelling of the lids. In infants the swelling, although

great, is soft, and does not, as a rule, offer any serious difficulty, but in adults

it may be so hard and brawny that it is impossible to separate the lids till

it has been reduced.

Examination of the Cornea.—The chief methods available are

—

(a)

Direct inspection
;
(b) Focal (i.e. concentrated) illumination

;
(c) Observation

of images reflected from its surface.

(a) Direct inspection will often render further examination unnecessary.

If the cornea be bright, its surface smooth, if there be no haziness in any

part, and its shape be normal, it is free from any pathological conditions.
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This examination, however, will not exclude abnormalities in its curvature
sufficient to interfere with vision by producing astigmatism (see "Ke-
fraction ").

The average transverse diameter of the cornea is 11-6 mm. (Priestley
Smith). The vertical meridian appears smaller because the scleral opacity
encroaches on it. An abnormally small cornea probably indicates a pre-
disposition to glaucoma. Very large cornese are only met with in associa-

tion with enlargement of the whole eyeball (buphthalmos) ; in such cases
the anterior chamber is increased in depth, and the sclerotic round the
cornea has a bluish colour.

This same discoloration in adults is evidence of previous attacks of
cyclitis, or inflammation of the ciliary body.

An alteration of form, conspicuous in pronounced cases, but easily over-
looked in the slighter degrees, is that known as " kerato-conus " or " conical
cornea." In this condition the whole cornea becomes unduly prominent,
but the central part is altered more than the periphery, so that the curve is

no longer approximately spherical, but may be described as forming a cone
with a rounded summit. Viewed from the front, the sharp curvature of

the central portion renders it bright and conspicuous as if there were a drop
of water lying on it. Viewed from the side the conical shape is quite
evident. In cases of long standing the central part may be cloudy.

The slighter degrees can only be recognised by the irregularity of the
shadow in the shadow-test, and by the distortion of reflected images,

—

Placido's disc showing this well.

Impaired transparency of the cornea may be due to the scarring of

former ulceration, to keratitis, or to infiltration connected with an existing

ulcer. It is therefore a matter of importance to ascertain whether there is

any breach of surface. Usually there is no difficulty in deciding this by
focal illumination, but in cases of transparent ulcer, or recent abrasion, the
lesion may be overlooked. In such cases the recent introduction of fluores-

cine has proved of great service. A small drop of this placed on the cornea
in a few seconds stains it an emerald-green wherever the epithelium is

absent. By its use it is also very easy to note alterations in the size

or shape of an ulcer, and to tell when it has become covered by epi-

thelium.

(b) Focal Illumination.—The patient is seated in a darkened room, the
light being placed about 20 inches to the side and slightly in front of

the patient's head. The observer, by the aid of a lens of 2J-3 inches focus,

held perpendicularly in the path of the rays and at its focal length from
the eye, concentrates a cone of light on the cornea. By slight movements
of the lens or patient's eye, the different areas of the cornea are illuminated
as desired, the surrounding parts remaining in deep shadow. Sometimes
it is advantageous to employ a second lens as a magnifying-glass to examine
still more in detail the illuminated area. This method is of the very greatest
value in the minute examination of corneal lesions, e.g. ulcers, and in demon-
strating nebulse, foreign bodies, etc. It is also largely employed for the
examination of the whole anterior segment of the eye, including the anterior
chamber, iris, lens, and may even be utilised for the most anterior part of
the vitreous.

(c) By examining carefully the image of some external object of regular
outline, e.g. the bars of a window frame, as seen reflected from the patient's
cornea, we can see whether there is any distortion of outline produced,
indicating some irregularity of corneal curvature. Placido's disc consists of a
series of concentric black rings on a white card which is perforated at the

vol. in 24
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centre. The observer, looking through this aperture at the image of the disc

reflected from the patient's cornea, will observe any irregularities of curva-

ture in the concentric circles. In irregular astigmatism their contour will

be irregularly altered, while in regular astigmatism the circles will assume
an elliptical outline, the long axis corresponding to the meridian of least

curvature.

For the exact measurement of the corneal curvature, and especially for

the determination of corneal astigmatism, the ophthalmometer is used. (See
" Eefraction.")

The sensitiveness of the cornea may be impaired. This may be
ascertained by touching the surface gently with a thread.

Anterior Chamber, Iris, and Pupil.—The depth of the anterior

chamber will be best appreciated by the aid of focal illumination,

the light being concentrated on the corneal margin. Swelling or

advancement of the lens will make the anterior chamber shallow; the

former condition is well exemplified by some cases of cataract before

they are ripe, and the latter by glaucoma. The anterior chamber is of

course absent when the aqueous is evacuated by injury or operation, and the

iris is then seen to lie in contact with the cornea till the aqueous accumu-
lates. When the lens is absent or dislocated backwards, the iris deprived

of its support, will recede from the cornea, and the anterior chamber will

appear deepened. At the same time the iris will generally be seen to quiver

when any quick movement of the eye is made (irido-donesis). Occasionally,

in severe blows or injuries of the eyeball, the iris is partly torn from its

attachment (irido-dialysis).

In iritis there is often considerable turbidity of the aqueous, and in

many cases of septic corneal ulcer a fibrino-purulent exudation accumulates

at the lower part of the anterior chamber (hypopyon). Occasionally blood

is present in a similar situation (hyphsema).

The surface of the iris should be bright, and the details of its structure

clearly visible. Turbidity of the aqueous, of effusion of lymph into the

substance of the iris, renders its surface dull, and blurs the details.

The actual size of the pupil varies in different individuals, it usually

becomes small in old age. An extremely small pupil—" myosis "—is often

an indication of locomotor ataxy.

The pupil should be circular and its outline regular. Increased intra-

ocular tension often causes the pupil to assume an oval form with the long

diameter transverse. Irregularities of outline point to the presence of

adhesions between the iris and the lens capsule—"posterior synechias"

These will be rendered more evident by the use of a mydriatic.

The pupil should dilate slowly on being shaded from the light, and on

exposure to light it should contract quickly, and oscillate slightly before

coming to rest. This is called the " direct action."

The pupils should also contract in association with convergence of the

visual axes—" associated action "
; and the centres being connected, the two

pupils should act together—" consensual action."

The reaction to light may be lost while the associated action is present.

This is known as the " Argyll-Kobertson pupil." It is usually but not

always associated with myosis, and is an indication of locomotor ataxy.

Contraction of the pupil is governed by the third nerve, dilatation by

the sympathetic. Paralysis or irritation of either nerve will therefore

produce corresponding variations in its size or mobility. Its action is also
j

mechanically interfered with by posterior synechias. The sympathetic nerve

also supplies the involuntary muscular fibres that widen the palpebral I
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fissure, hence differences in the size of the pupil produced by the affections

of the sympathetic are accompanied by corresponding alterations of the

palpebral fissure.

For the light-reflex to be present it is necessary that the reflex chain

should be complete. This consists of the optic nerve which conveys the

stimulus to the nerve-centre, the centre itself, and the fibres of the third

nerve which go to the iris. Consciousness forms no essential factor in the

act, so that it is possible for vision to be absent while the reflex action per-

sists. This is sometimes seen in ursemic poisoning.

In cases of hemianopsia, if the pupils react when light falls upon the

blind part of the retina—" Wernicke's sign "—the lesion is on the proximal

side of the primary optic ganglia.

Crystalline Lens.—Opacities in the lens, and, under favourable con-

ditions, those in the anterior part of the vitreous, can be seen by focal

illumination.

Opacities in the lens viewed in this way appear white. Opacities on the

anterior capsule, which are caused by deposits of lymph from former iritis,

may be rust-coloured.

Any opacity on lens or capsule, when viewed with the ophthalmoscope,

appears black against the bright red background of the fundus-reflex.

When there is advanced cataract it is sometimes of importance to

ascertain if the cataract is " ripe," i.e. if the opacity comes right up to the

level of the iris. When there is a layer of transparent lens between the

opacity and the iris, light thrown obliquely into the pupil does not illu-

minate the whole area, but the iris throws a crescentic shadow on the lens

on the side from which the light comes.

The reflections from the posterior and anterior surfaces of the lens are

sometimes used as tests to determine its presence or absence. A candle is

held at arm's length in front of the patient, and at about an angle of 30° with

the middle line. The observer looking into the eye from the side opposite to

the light, and at about the same angle, sees the corneal and the two lenticular

reflexes. The one from the anterior surface is dim and large, and moves
in the same direction as the light, while that from the posterior surface is

smaller, bright, and moves in the opposite direction to the light. The
presence of these images proves, of course, the presence of the lens.

The depth of any opacity in the media, anterior to the posterior pole

of the lens, may be readily judged by the displacement it appears to

undergo relatively to the pupillary margin when it is viewed by the

observer, first directly from the front, and then from the side. An object

situated in front of the plane of the pupil, e.g. on the cornea, will appear
to move towards the pupillary margin in a direction opposite to that in

which the observer moves his head ; an object situated in the plane at the

pupil will not alter its position, while an object lying behind the pupil

will appear to approach the margin of the pupil moving in the same
direction as the observer's head. The amount of displacement which the

opacity undergoes gives an indication of its distance from the plane of

the pupil.

For examination of the deeper parts of the eye the ophthalmoscope is

required. (See " Ophthalmoscope.")
Estimation of Intra-ocular Tension.—The only principle on which it

seems possible to measure the intra-ocular tension in the living eye is that

of gauging the resistance which the globe offers to external pressure. It is

evident that any method based on this principle cannot accurately fulfil its

purpose, since the total resistance is due not only to the intra-ocular tension,
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but also to the resistance offered by the tunics of the eye, which will

depend upon their thickness.

There are two ways in which the resistance of the eye to pressure may
be expressed numerically. A known pressure may be employed, and the

depth of the depression made in the surface of the globe be measured, or

the pressure required to produce a depression of constant depth may be

measured. Mechanical appliances, called " manometers," have been
constructed on both principles. The best is that invented by Mr. Priestley

Smith, in which a constant pressure of 15 grammes is employed, and the

depression produced is indicated in tenths of a millimetre. Most surgeons,

however, produce pressure with the fingers. In practised hands this

probably gives as accurate a result as any other method, while the novice

would be equally likely to be misled by any mechanical contrivance.

To estimate the tension with the fingers the surgeon should face the

patient. The latter should then look down, while the surgeon places his

two index fingers on the upper lid, a little above the position of the cornea.

With one of the fingers pressure is alternately made and relaxed, while the

other, kept in position, steadies the globe. After some practice on normal
eyes it is possible to become familiar with the sensation produced by treating

the eye in this way, and to appreciate slight degrees of hardness or softness.

It is obvious that the method requires experience, that it allows wide scope

for individual differences, and that it affords no real basis for expressing

the result numerically. An attempt was, however, long ago made by von
G-raefe in this direction, and his method is still followed. Normal tension

is expressed as Tn. An eye which is perceptibly harder than normal is

said to have T + 1. If there is stony hardness, preventing any sensation of

dimpling, T is +3, while T + 2 is midway between 1 and 2. In the same
way different degrees of softness are indicated by the signs T - 1, - 2, or

-3.

The estimation of increased tension is mainly useful as an indication

of glaucoma. Any considerable excess, if long continued, inevitably leads

to serious consequences. Even so slight an increase as to be overlooked

even by experienced observers will, if it persist for some months, produce

glaucomatous cupping of the optic disc, while a great increase will

cause marked symptoms immediately, and may produce complete blind-

ness in a few hours. This is due to the loss of function in the retina from
pressure upon its delicate structure, and to the impediment to the circulation

in the choroidal and retinal vessels, arresting the normal process of

secretion and removal of fluid. As a consequence there is violent pain

radiating along the branches of the first division of the fifth nerve, intense

injection of the superficial vessels of the eye, a fixed and dilated pupil, and
great turbidity of the intra-ocular fluids, preventing ophthalmoscopic ex-

amination.

Between these extremes there are various degrees of increased tension

causing subacute glaucoma.

Diminished intra-ocular tension, unless due to a temporary cause, such as

the escape of fluid through a wound, is no less serious, since it indicates

that the secreting power of the ciliary body, which is the source of supply

of the intra-ocular fluid, is impaired. It predisposes to detachment of the

retina, and is likely to be followed by shrinking of the eye, which then

probably becomes tender, injected, and painful, and a possible source of

danger to the other eye.

Visual Acuity, indicated as " V," is expressed by a fraction showing

the relation between the vision of the patient and that of an arbitrary
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standard which is taken as the normal. The standard has been arrived at

by an examination of a considerable number of normal eyes, and represents

the average vision of a healthy adult eye. In children the vision is some-

what above the standard, and in old age below it, while there are also

individual variations depending partly on practice, and partly on other

conditions which are unknown to us.

The standard depends on the size that the retinal image of an object must
have in order that the form of the object may be recognised. The size of

the retinal image depends upon the size of the object and its distance from

the eye. If lines be drawn from each extremity of the object through the

optical centre of the eye to the retina, it will be seen that objects subtending

the same angle have the same sized retinal image. The angle made by
such lines at the optical centre is called the visual angle. If letters be

taken the thickness of whose component lines is not less than one-fifth of

the diameter of the whole letter, it will be found that an eye can easily

recognise the form of the letter when it subtends a visual angle of five

minutes (TVth of a degree).

The test types known as Snellen's, which are those generally used, consist

of a series of letters of different sizes, and to each size is given a number in-

dicating the distance at which it subtends an angle of 5 minutes. The
distance must be sufficient to exclude the use of the accommodation by the

normal eye. Usually 6 metres is chosen, and the lowest line is arranged

for this distance and numbered 6. As, however, a distance of 6 M cannot

always be obtained indoors, some sets of test-types are arranged for

5 M, the smallest letters being numbered 5. To test the patient's vision it

is only necessary to ascertain which are the smallest letters that he can see

at a known distance. The result is then recorded as a fraction, the

numerator being the number of metres from the test-types, and the

denominator the distance at which the type read should be visible to a

normal eye. Eor example, at 6 M No. 9 is readV = fths. At 6 M No. 6 is

read V £ or normal. If nothing can be read at 6 M the patient may be

taken nearer till the top letter No. 60 is read. If this is a 3 metres

V = -^j-. In each case the fraction might be reduced, but if left as it is it

indicates not only the relation of the patient's vision to the normal

standard, but also the conditions under which the test was performed.

Although the use of Snellen's types forms in all cases a convenient

method of noting the patient's vision, it does not give the acuity of vision

unless any existing error of refraction is first corrected. This is the case to

some extent in all forms of ametropia, but it is obvious that in myopia, the

test-types being beyond the range of the patient's vision, he cannot be ex-

pected to see them, and the inability to do so does not indicate a lowered

acuteness of vision. In such cases the types may be brought within the

patient's far-point by means of a concave lens, or the types themselves may
be brought near, but in the latter case it will, of course, be necessary

to have smaller letters, so that they may subtend an angle of 5' at the

required distance. Snellen's reading types are arranged with this object,

and. are numbered from 4'5 to 0*3, the figures in each case indicating the

distance in metres at which the type subtends at an angle of 5'. The vision

by the use of these types could be noted in the same manner as the distant

vision, the numerator of the fraction being the distance at which the type is

held, and the denominator the distance at which the type read should be

legible. These reading types, however, give less accurate result than those

employed for distance, because it is difficult to get the letters of the proper

size and their component parts properly related, and also because in a short
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distance a slight inaccuracy of measurement has more effect than when the

distance is greater.

Jaeger's reading test-types are more commonly used for near vision, but

these are numbered without any reference to the distance at which they

should be visible.

If the patient cannot, after correction of any refractive error, read the

largest of the distance types, his vision may be recorded by bringing him
nearer until he can recognise the largest type. If he sees the letter marked
60 at 3 metres his vision is -^j-. In cases where the vision is still further

reduced the patient should be asked to count fingers in a good light, and the

distance at which this can be done correctly gives a record of his visual acuity,

e.g. EV= fingers at 2 metres. If fingers cannot be counted the hand should

be moved from side by side in front of the patient's eye at a distance of a

foot or so, and the patient asked to indicate the direction of movement.
V= hand-movements. Finally, by shading or exposing the eye the ability

of the patient to distinguish between gradations of light and shade may be

ascertained, or the patient seated in a darkened room may be asked to dis-

tinguish when a light reflected from the ophthalmoscopic mirror strikes the

eye, and further to state the direction from which the light comes. (Per-

ception and projection of light.)

In testing illiterates and young children types have been devised corre-

sponding in size to Snellen's, but all consisting of the letter E turned in

various directions—up, down, to right or left. The letters are pointed out

to the patient, who is asked to indicate in which direction the letter lies.

Another method on a different principle is the dot-counting test in use in

the army. With very small children it is often useful to show them small

objects, as coins and sweets, and note whether the child recognises and
clutches at the object. Young babies will follow with their eyes a light

flashed on them from a mirror, and this also is a useful method in deter-

mining whether a baby is blind or not.

After recording the visual acuity as found by Snellen's types, it is

often necessary to determine the nearest point of distinct vision in one

or both eyes. This is done by measuring the shortest distance from the

eyes at which a small, well-defined object, as small type or fine threads,

can still be seen distinctly without blurring of their outlines. This point

is called the near point. In moderate degrees of myopia the far point

can be similarly localised by measuring the greatest distance at which a

small object can still be seen distinctly. (See " Eefraction " and " Accom-
modation.")

The power of convergence may be estimated by causing the patient to

fix a small object held in the middle line and gradually brought nearer the

patient until one or other eye is seen to give up the convergent movement.
The convergence is defective if the patient cannot easily converge on a point

10 cm. distant from the root of the nose in the middle line. For more
exact estimation Landolt uses a fine line of light, and the patient is asked

to state the moment at which diplopia appears as this fixation object ap-

proaches the eyes. The appearance of diplopia indicates that one eye has

ceased to fix the object.

The examinee may in some cases have a reason for making out that the

vision of one eye is worse than it really is, or he may even feign monocular
blindness. In all cases in which any malingering is suspected the surgeon

should pretend to direct his attention solely to the eye which is not com-
plained of. By placing in front of this some glass with which it is impos-

sible for the patient to see, and making him read the types, he can generally
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ascertain exactly how much sight there is in the eye which is alleged to be
defective. In such cases also a prism, placed before the admittedly sound
eye with its base upwards or downwards, will produce diplopia.

Another test, having the same object, consists in looking at a word com-
posed of red and green letters arranged alternately, through similar red and
green glasses placed one before each eye. The colours are complementary :

the green can only be seen through the green glass, and the red through
the red. If all are seen, therefore, both eyes are being used.

This test is also useful after operations for squint, to see whether the

patient has regained binocular vision.

A much better test is afforded by the " glass-rod " of Maddox. A small

cylinder of glass is fixed behind a narrow slit which is parallel to it. This
is placed horizontally in front of one eye, and a candle placed at 6 metres
is viewed through it. The light is seen as a vertical streak. The other

eye sees the light in the natural way. The images are so dissimilar that

no effort is made to combine them, the visual axes therefore assume the

position of rest. By placing a graduated screen behind the candle the

position of the line as compared with the flame can be made to give the

angular deviation of the visual axis.

For convergence in near vision G-raefe's well-known line and dot test

may be used. This will be described under " Ocular Muscles."

A sudden and complete failure of vision occasionally occurs in one eye,

without any objective signs, from acute retrobulbar neuritis. As this

occurs most frequently in young women, and is often followed by complete
recovery, it is sometimes mistaken for hysteria. While the blindness

persists the complete absence of direct action of the pupil should prevent
such an error from being made.

Colour- Vision.—Careful investigation of the state of colour-vision is

frequently of the greatest importance from the point of view of diagnosis.

A familiarexample is seen in toxicamblyopia from tobacco (vide"Amblyopia").
Apart from its use as a diagnostic measure, great importance is attached to

it in connection with various occupations, e.g. railwaymen, seamen. This

subject is elsewhere fully discussed (vide " Colour-Vision ").

Examination of the visual fields often affords important indications,

and should never be omitted in cases of failure of vision, of which the cause

is obscure, or when disease of the nervous system is suspected. The
examination should discover the peripheral limitation of the fields, and the

existence of any abnormal gaps in it (scotomata) either for white or colour.

To be complete, it should also include the fields for the primary colours,

but in the majority of cases this is not required.

Any abnormality of the visual fields can be detected without any special

apparatus, in the manner that will be described presently, but to record the

result accurately a perimeter is necessary.

Various modifications of the perimeter have been designed, but its

essential features are a quadrant, graduated in degrees up to 90°, which can
be revolved round the point marked zero ; and some arrangement by which
the eye under examination can be kept in the centre of the circle of which
the graduated bar forms a quadrant, so that its visual axis is directed to zero.

If in these circumstances the quadrant be revolved, it evidently will

describe a hemisphere in the centre of which is the eye under examination.

For recording the results a chart is required. This consists of a series of

radii indicating the various positions of the quadrant, and of concentric

circles indicating angular degrees on each radius. The field is recorded by
marking on a sufficient number of the radii the point at which the test-
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object becomes visible, and subsequently connecting these points by
lines.

During the examination care must be taken that the eye under exam-
ination gazes steadily at zero, commonly called the " fixation point," where
there should be fixed some small but conspicuous object. The test-object

should always be moved from the blind towards the seeing area. If it is

moved in the reverse direction the retention of the mental image will make
the field appear larger than it really is. The test-object should not be

moved too rapidly, and care should be taken that its movement is not

audible.

Various devices are in use for facilitating the recording of the results,

some perimeters being called " self-registering," because in them the record

is made by some simple movement, as by pressing the chart against a

pricker.

Carefully prepared perimeter charts often afford a most valuable means
of seeing at a glance the progress of a case.

For the purpose of differential diagnosis, however, the following simple

plan, which requires no special apparatus, will suffice.

The surgeon faces the patient at a distance of about three feet. The
patient is directed to look with the eye under examination fixedly at the

eye of the surgeon which is opposite to it (i.e. the patient's right eye at the

surgeon's left, and vice versa). The other eye both of patient and surgeon

should be closed. It is now easy for the surgeon to detect any wandering

of the patient's eye. The test-object may be a square of white paper,

mounted on a black handle, or better, a long pin with a white porcelain head,

such as is used for fastening on bonnets. This forms a conspicuous white

object, is always clean, and can easily be obtained in various sizes. The
surgeon holds the test-object midway between himself and the patient, but

so far out of the line of vision that it cannot be seen ; it is then gradually

approached towards the line of vision, and the patient is told to give a sign

the moment that he becomes aware of its presence. The surgeon's own
field affords a very useful check and standard of comparison. This pro-

ceeding is repeated in different meridians, and a defect in any direction can

be readily noted.

An examination for central colour scotoma should never be omitted in

obscure cases. For this purpose a small red or green paper is generally

used (red sealing-wax is excellent for the red). To a normal eye the colour

should become more vivid as the central region is reached; if a colour

scotoma is present the colour will disappear or become dull. Care must,

of course, be taken that the normal blind-spot, corresponding to the optic

nerve entrance, is not mistaken for a scotoma.

The limit of the field in normal field varies slightly in different indi-

viduals. Eoughly speaking, it may be said to extend externally nearly to

90° ; downwards to 65° ; the upper and inner limits vary with the amount
of elevation of the upper lid, and the prominence of the nose. An average

measurement is 55° for each.

Indications afforded by abnormal visual fields.—The following may be

cited as instances in which assistance is given by perimetry, but the list is

not intended to be complete.

Concentric contraction may indicate atrophy of the optic nerve or

retina (the latter including " retinitis pigmentosa " and allied conditions).

Contraction in all meridians, but most on the inner side, occurs in

chronic glaucoma. Loss of the upper field is common in detachment of the

retina.
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Loss of the temporal half of each field, "bi- temporal hemianopsia,"

indicates a lesion at the optic chiasma. Loss of the corresponding half of

each field (i.e. both right or both left halves), right or left hemianopsia,

indicates a cerebral lesion on the side opposite to the blind areas.

Lateral hemianopsia is nearly always referred by the patient to the eye

towards the blind side.

Night-blindness, or excessive lowering of the visual acuity when the

light is diminished, is met with in retinitis pigmentosa and allied conditions

of the fundus, as cases of old choroido-retinitis, with much destruction of the

epithelial pigment layer. Patients with this symptom may see fairly well

in a good light, in exceptional cases even having normal vision, but when
dusk comes on they have to be led about ; they also see very badly by arti-

ficial light. Night-blindness is frequently accompanied by permanent
contraction of the visual fields.

Eorster's photometer is a useful instrument if it be desired to record

the degree of night-blindness. It consists of a box blackened on the inside.

At one end is placed a test-object, such as some reading types. These are

illuminated by a light of constant strength admitted through an aperture

the size of which can be varied. The patient places one of his eyes to an

aperture made for the purpose, and the light opening is gradually enlarged

till he can see the test-object. If the apparatus is used under identical

conditions the size of the aperture may afford a means of noting and
recording the progress of the case. There are, however, considerable indi-

vidual differences in the light sense.

Bjerrum's test-types, which correspond in size to Snellen's, but are gray

on a gray background, afford a ready means of testing the patient's ability to

distinguish between grades of illumination, as the contrast between the

letters and the background is much reduced. A patient with defective

light sense will fail to distinguish the letters from the background, and his

visual acuity tested by this method will fall far below that of a normal

individual tested in the same way. The value of this test, however, is much
weakened by the very wide variations which normal eyes present.

Eyeball, Injuries of.

Preliminary Remarks
Injuries by Contusion without
Penetration .

Ciliary Region, Cornea, Iris

Cycloplegia, Lens .

Vitreous, Choroid
Retina

Injuries from Penetration with-
out Eetention op Foreign
Body

(a) Indirect Rupture .
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379
380
381

382
382

(b) Direct Rupture or Wound
Enucleation

Injuries by Penetration with
Retention of Foreign Body .

In Aqueous Chambers .

Lens ....
Vitreous

X-Rays
Injuries by Strong Light,

Heat, and Chemical Agents

383

386
387
387
389

389

Injueies of the eyeball are conveniently considered under the following

groups :

—

1. Injuries by contusion without penetration of the globe.

2. Injuries from penetration without retention of a foreign body.

3. Injuries by penetration with retention of a foreign body.

4. Injuries by strong light, heat, or chemical agents.
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One's first duty when consulted by a patient who has sustained any
injury of the eye is to ascertain by questioning the manner of its occurrence,

and especially by examination the exact nature and extent of the damage
done, so that we may be in a position to adopt prompt and effective

treatment.

The patient is seated facing a good window light, and the surgeon,

placing himself opposite, gently separates the eyelids and exposes the cornea

and surrounding sclerotic. If any difficulty is experienced, as sometimes

happens with very sensitive persons, a few drops of a 4 per cent solution of

cocaine may be first dropped between the lids. In the case of infants and
young children it is best to hold the head firmly between the knees, the

nurse restraining the legs and arms of the child, which is laid on her lap.

The eyelids are now separated by the use of retractors, which are preferable

to the fingers with struggling children. It is very seldom necessary to use

a general anaesthetic when our object is merely to inspect the eye.

In the examination and treatment of all penetrating injuries of the eye

the strictest surgical cleanliness must be adhered to, as septic infection may
lead to destruction of the eye, and even to loss of the fellow-eye from

sympathetic inflammation. The eye must be well flushed with a 1 in 5000

solution of perchloride of mercury, and on the conclusion of the examination

covered with a pad of lint wrung out of the; solution. All instruments, as

forceps, scissors, speculum, etc., are to be boiled for a few minutes, and laid

in a 20 per cent solution of carbolic acid till required. By such measures

we can be sure that we do not ourselves infect the wound, but in many
cases infection has already taken place at the time of the accident, and in

spite of the free use of antiseptics may give rise to septic inflammation of

the deeper parts of the eye. If there be present purulent dacryocystitis,

evidenced by escape of pus from the canaliculi on pressure over the tear

sac, this must be treated at once by slitting up the lower punctum and

canaliculus, passing a large probe into the nasal fossa, and syringing the

naso-lachrymal canal each day with some strong antiseptic, the most effective

for this purpose being a 10 per cent solution of the recently-introduced

substance called protargol.1

Injuries by Contusion without Penetration of the G-lobe.—These

are produced by light but smart blows on the eye, as from a piece of wood

or coal, hard pellet of paper, snowball, small round stone projected from a

catapult, cork from a soda-water bottle, etc., which may strike the eyeball

directly or through the closed lids. The immediate result of such an

accident is to produce slight hypersemia of the ciliary region with intolerance

of light and flow of tears. The pupil soon gets narrowed, and can be

dilated by means of atropine only with difficulty. A case of this degree

only requires a few days' rest and the use of atropine to recover completely.

Some diminution of tension of the eyeball can often be made out, and

sometimes this is so pronounced that the cornea and anterior portions of

the sclerotic wrinkle on the slightest pressure, and when this is the case the

anterior chamber is decidedly shallow. A satisfactory explanation of this

phenomenon, which is sometimes permanent, has not yet been given.

A fine grayish cloudiness of the cornea is frequently present, and careful

examination by oblique illumination shows that this is situated on the

posterior surface, where it is said to be caused by minute elevations and

ruptures of Descemet's membrane.
Detachment of some portion of the iris from its ciliary origin, irido-

dialysis, is a common occurrence ; it is accompanied by profuse haemorrhage,

1 Obtained from Friedr. Bayer and Company, Elberfeld, Germany.
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from rupture of the circulus arteriosus major and canal of Schlemm, the

blood collecting in a layer at the bottom of the anterior chamber, hyphcema.

Irido-dialysis is recognised by a crescentic black space corresponding to the

position of the detached iris, through which the red fundus-reflex, and even

the retinal vessels, may be seen by the ophthalmoscope. The pupil presents

a straight or even a convex edge instead of a concave at the site of the

lesion. The peripheral border of the detached iris has in a few instances

become folded over so as to expose the brown uveal surface, a condition

called anteversion of the iris. The iris may be detached in two places,

but this is extremely rare. In a few instances it has been totally detached,

lying free on the floor of the anterior chamber, where it soon becomes of a

grayish colour, and shrinks very rapidly.

Multiple ruptures of the pupillary edge of the iris are by no means
infrequent, and account for the dilatation of the pupil, mydriasis, so often

following a blow on the eye. The ruptures appear as small triangular

notches in the edge of the iris with their bases directed towards the pupil.

They may be seen by focal illumination, but are often best made out by the

ophthalmoscopic mirror appearing as breaks in the circular red reflex.

Detachments or ruptures of the iris are permanent conditions.

Paralysis of accommodation, cycloplegia, recognised by inability to read

print close at hand, while the distant sight may be little if at all impaired,

is nearly always associated with mydriasis, but may be present with a pupil

of normal size. It is due to paralysis of the ciliary muscle from mechanical

injury or haemorrhage into its substance.

Retroflexion of the iris, first noted by Schmidt in 1804, when as usual

affecting only one part of the circumference, gives the appearance of

an iridectomy having been done ; if the whole of the iris has been thus

thrust back the condition resembles total absence of iris, aniridia, but is

to be distinguished by the ciliary processes not being visible, and careful

examination often reveals a very narrow rim of iris at some part of the

circumference.

Dislocation of the lens may be partial or complete. The former is

recognised by the tremulous state of the iris, iridodonesis, at one part, and
if combined with rotation on its equatorial plane, by shallowness of the

anterior chamber at the opposite side from a pushing forward of the iris by
the edge of the lens. If the margin of the lens lies in the pupillary area it

is seen as a strongly-marked, dark curved line. In very slight displacement

one may require to use the ophthalmoscopic mirror, throwing the light very

obliquely into the eye, and dilatation of the pupil is sometimes required,

but this sign is seldom if ever absent. Partial dislocation is dependent

upon rupture of some portion of the suspensory ligament, but the writer has

seen a case where the ciliary body had itself become dragged into the

pupillary area, and could be seen with the unruptured fibres of the suspen-

sory ligament stretching between it and the displaced lens. Increase of

the refraction, monocular diplopia, and apparent movements of objects

looked at, are sometimes present.

The complete degrees of dislocation of the lens, either into the vitreous

or anterior chamber, are most apt to occur in elderly people with previous

opacity of the lens, or in old damaged eyes, as in such cases the suspensory

ligament is easily ruptured.

When the lens lies in the anterior chamber it gives the appearance of a

large drop of oil, the edge is very dark and shining, the iris is driven back,

and the anterior chamber is deepened. It should always be removed, for

inflammation and increase of tension always follow and lead to destruction
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of the eye. The operation is best done under full anaesthesia by a large

flap-like section embracing nearly the lower half of the corneal circum-
ference, and if the lens does not escape spontaneously, or on gentle pressure,

it is removed by means of a metal spoon or wire curette. Even with the

greatest care we are almost sure to have some loss of vitreous.

A lens dislocated into the vitreous sinks to the floor of the eye, and can
be seen by the mirror in this situation as a rounded grayish body, either

freely movable, or if some time has elapsed it may be firmly fixed. The
iris is tremulous, the anterior chamber deep, and a strong convex lens is

required to enable the eye to read print just as is necessary after cataract

extraction. In most cases the eye does not remain quiet long, vitreous

opacities gather, irido-cyclitis often with increase of tension supervenes, and
the eye is ultimately lost, and may even require enucleation. The lens is

not absorbed when in the vitreous, and I have found it only slightly

diminished in size more than twenty years after the accident. Its removal
when in this situation is a matter of very great difficulty, and if the eye

remains free from inflammation, and the vision is good, it is best left alone.

If it can be coaxed through the pupil into the anterior chamber by depress-

ing the patient's head and shaking it roughly, it may be removed by section

as described above, first fixing it by means of a cataract needle thrust

through the cornea.

The lens sometimes becomes cataractous as the result of a severe blow on
the eye, even without penetration, concussion cataract, and Lawford and
Collins have by dissection demonstrated in such cases extensive rupture

of the posterior lens capsule. In other cases a rupture of the anterior

capsule may be present, and as this is situated near the equator its

presence may be difficult of recognition.

The treatment consists in keeping the pupil dilated, and after complete

maturation the cataract is removed by extraction or by discission, followed

by the use of the curette. A good visual result may be obtained except

when the case is complicated with injury to the deeper structures of the eye.

Haemorrhage into the vitreous may occur as several small rounded drops

;

these are from the smaller divisions of the retinal vessels, the actual point

of rupture being sometimes visible. They become in time completely

absorbed, but very slowly in comparison to haemorrhage in the anterior

chamber. Extensive haemorrhage can usually be seen as a deep red mass I

in the lower part of the eye close behind the lens, and probably the source

of the blood is from the ciliary body. The vitreous becomes liquefied, as i

evidenced by the free movement of the broken-up blood-clot, which gradu- •

ally gets decolorised and assumes the appearance of a flocculent yellowish i

gray mass. The vision is often reduced to counting fingers or even to per-

ception of light, and improves if at all very slowly.

Eest in bed, the use of atropine twice or thrice each day, combined with I

the internal administration of ten-grain doses of salicylate of soda or iodide

of potash, should be tried.

Rupture of the choroid x is not uncommon from a blow on the eye, and I

is recognised ophthalmoscopically as a white or yellow crescent concentric

to, and about two discs diameter from the temporal border of the optic disc.

Its greatest width, usually about one-third the diameter of the disc, is at t

the centre, from which it tapers above and below into a fine streak. The

borders of the rupture are more or less pigmented, and minute retinal !

haemorrhages are common in the immediate neighbourhood of the lesion.

The retinal vessels lie in front of it, and course uninterruptedly across it.

1 See also vol. ii. p. 286.
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It may bifurcate at its upper or lower extension. If seen early, effusion of

blood, which always takes place to a greater or lesser degree, prevents a

clear view and may render its recognition difficult or impossible. There

may be present two, three, or even more concentric ruptures.

Kuptures of this description are explained by the blow causing invagina-

tion of the back of the eye by the stem of the optic nerve, the choroid

being thus thrown into a fold or series of folds along which this membrane
gives way. This phenomenon is often associated with ruptures or detach-

ment of the iris, hyphaema, and dislocation of the lens. The vision, at first

much lowered by the effusion of blood, quickly clears up, and may reach a
normal standard if the region of the macula lutea is not involved. The
retina is very rarely torn, but may become detached long afterwards during
cicatrisation. Atrophy of the optic disc sometimes occurs, and dotted
pigmentary degeneration of the macula, HaaVs macular disease, is often

present. In a small percentage of cases the rupture is situated at the

nasal side of the disc.

We sometimes get an irregular map-like area of yellowish discoloration

of the choroid commencing near the disc and spreading out like a fan

towards the periphery either at the temporal or nasal side of the eye, with
pigment strewn over its surfaces and penetrating into the retina. Such
cases have been described by Siegrist, who believes the condition is due
to rupture of one or other long ciliary artery, as precisely similar changes
were shown by Wagenmann to follow experimental division of these vessels.

The term commotio retinae, some five-and-twenty years ago was employed
to designate all cases of defective vision following a blow on the eye if

gross ophthalmoscopic changes, especially atrophy of the disc, were absent,

but since Berlin's observations and experiments the term has become
much more restricted in its application. Berlin, in many cases of blows on
the eye, found a diffuse grayish clouding at the posterior pole which came
on within an hour of the accident, gradually increased in size and density,

becoming of a milky white colour and covering an area ten or a dozen times

the size of the disc, against which the retinal vessels stood out very dark
and distinct, but showed no elevation.

These changes reached their maximum in twenty-four to thirty hours,

and had usually disappeared by the third or even the second day, with
complete or nearly complete restoration of the vision, which at first had
fallen to one-third or a quarter of the normal standard. By his experi-

ments on animals he found a layer of blood between the choroid and
sclerotic corresponding in position to the retinal cedema, which latter he
considered was due to imbibition of serum from the subchoroidal effusion of

blood.

This condition being so transitory is very readily overlooked, especially

as the intolerance of light set up by the blow renders it very difficult to

make a proper ophthalmoscopic examination. The clinical features of this

affection have been confirmed by all subsequent writers, among whom may
be mentioned Leber, Hirschberg, Schmidt-Eimpler, Nettleship, Knapp, and
Herdegen.

As to the exact cause of the retinal clouding which several have tried

to elucidate by experiments on animals, opinions are almost as numerous as

the communications. Hirschberg and Ostwalt say it is due to a paralytic

widening of the retinal vessels followed by increased permeability of their

walls, the cedema thus spreading from the inner to the outer layers of the

retina, and not, as Berlin thinks, in a reverse direction, and this view
is accepted by Siegfried and Linde.



382 EYEBALL, INJUEIES OE

Makrocki thinks it is due to a molecular change in the nerve-fibre

layer. Denig believes there are two factors at work, the fluids of the.

vitreous being driven into the retina and a transudation from the choroidal

vessels collecting between the rods and cones.

Schirmer found hemorrhage between the retina and choroid, which
being constantly present he regards as the cause of the retinal clouding,

while finally Back thinks it is due to a fine fibro-nuclear layer of exudation

between the retina and choroid.

It is impossible to reconcile these discrepant views, and personally I

think Berlin's explanation as satisfactory as any. We must keep the pupil

dilated with atropine, forbid the use of the eyes, and make the patient wear
dark smoked goggles.

Traumatic neurosis may very rarely follow injury of the eye as after

injury of other parts of the body, and is shown by amblyopia with peri-

pheral contraction of the field of vision, blepharospasm, cutaneous anaes-

thesia, achromatopsia, etc.

Injuries from Penetration without Eetention of a Foreign
Body.—The cases under this heading are of much greater interest to the

practical surgeon than the preceding group, as they demand more energetic

and varied treatment, and derive especial importance from the fact that the

sound eye is often in danger from sympathetic disease, necessitating removal

of the injured eye.

A heavy blow or thrust with some blunt object, or a fall on the same,

may burst the globe, which gives way, not at the point of impact, but at

some distance from it. This indirect rupture is in adults almost invariably

in the sclerotic, in young persons it may be in the cornea ; it is most fre-

quently directly upwards, or upwards and inwards, and is concentric to and

about 2 to 3 mm. from the corneal margin. The coats of the eye give way
from within outwards in contrast to what takes place in direct ruptures, so

that septic infection is not at all liable to occur ; the eye may shrink, but

does not suppurate. If the conjunctiva escapes, the rupture is recognised

by a dark curved line, the tension is greatly diminished, the eye full of

blood, and vision is usually reduced to perception of light. If, as is often

the case, there be extensive effusion of blood under the conjunctiva, the

actual rupture cannot be seen, and its occurrence can only be inferred

from the history and symptoms, especially the softness of the eyeball.

Some of the contents of the eye are often forced through the gap in the

sclerotic, very often the lens is dislocated under the conjunctiva, and shows

as a rounded, semi-translucent swelling, or if the conjunctiva is torn it may
escape altogether. The iris may retain its position, but usually the seg-

ment corresponding to the rupture is forced backwards into the wound,

giving the appearance of a coloboma.

Indirect ruptures may very rarely be situated in the posterior segment,

Mules records such a case in a lad who was struck with a brick, where

the sclerotic around the optic nerve formed a hernial protrusion backwards,

associated with a typical rupture of the choroid. The lens has been found

in Tenon's capsule from scleral rupture unusually far back, as in cases of

Mliller and of Schlodtmann. The iris may escape bodily with or without

the lens, or it may be caught and retained under the conjunctiva as

in a case under my charge, where it showed as a dark, irregular, and slightly-

raised patch from which the pigment wandered, so that in a few weeks the

entire ciliary region became covered with pigment granules. See cases by

Hirsch, Ahlstrom, Knapp, and Gayet.

Treatment of Indirect Rupture.—If the rupture is large, the conjunctiva
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torn, and there has been much loss of vitreous, causing collapse of the

globe, excision of the eye should be done without delay. If there is some
sight and no marked collapse of the globe, an attempt should be made to

save the eye.

Any protruding uveal substance is picked up with iris forceps and
excised with scissors, and the edges of the conjunctiva are brought together

by a few fine silk sutures. It is a good plan as recommended by Berry
to excise some conjunctiva at one lip of the wound, so that when the

stitches are applied the wound becomes quite subconjunctival and removed
from the line of sutures. Cases of subconjunctival dislocation of the lens

often do remarkably well without any surgical interference, the blood clears

away, the scleral wound unites solidly without any bulging or sinking, and
fine print can be read with a strong convex lens. Mules records in vol.

vii. Trans. Ophth. Socy. a case where both eyes made a good recovery from
an injury of this nature from the blow of a fist. This favourable course

probably occurs in those cases where the lens is thrust quite through
the lips of the wound. Some recommend removal of the lens in all cases

at an early date. Personally, if the eye is doing well, I prefer to leave it

alone for some weeks or even months till the wound is quite healed, and
then open the conjunctival covering and clear out the lens. If, on the

other hand, the lens with some portion of the uveal tract is jammed in the

wound, the healing process is very tedious, plastic uveitis comes on, and
may lead to sympathetic disease, as in the case from which Eig. 1 was
drawn, a woman who repeatedly refused to have the eye removed.

Under these conditions the lens and any portion of uvea protruding

should be removed and the eye dealt with as described above. If in

spite of this the eye does not quieten down in a month it must be excised.

Direct ruptures and wounds of the eyeball may take place from the

thrust of a cow's horn, a blow from the branch of a tree, piece of wood, as

in chopping up fuel, " tip-cat," stone from catapult, flying shuttle, police

baton, or from a stab from a rapier, knife, nail, fork, iron table-fork, or

pitchfork, or from the bursting of a steam gauge or soda-water bottle, etc.

In the most severe cases, especially when combined with extensive

injury of the lids and adjacent parts, the patient may show general

symptoms of collapse, and Fromaget records a case of tetanus, with death

on the eighteenth day after the injury, and later with Cabannes another
case with a fatal issue about the tenth day. See also case by my colleague

Edward Koberts {Lancet, 1891).

The wound may be confined to the cornea or the sclerotic, or it may
implicate both. Speaking generally, corneal wounds are not so liable to be
followed by severe destructive inflammation as are those in the sclerotic,

and as pointed out by Berry this is due to the gush of aqueous at the

moment of the accident washing away any septic matter, and to the lips of

the wound not being kept apart by prolapse of the inner coat of the eye or

the vitreous. The gravity of the case depends more largely upon the depth
of the wound than upon its external measurements, and from this it follows

that, as in other parts of the body, stabs and punctures are more destructive

than incised wounds. In Figs. 2 and 3 we see corneal stabs followed by
suppurative hyalitis, with papillo-retinitis in one and detachment of the

retina in the other. In neither eye was there the slightest implication of

the choroid, although clinically such cases are very often, but, as pointed
out by Schobl, quite erroneously termed irido-choroiditis. On excision

for corneal stab wound I have found the coats of the eye transfixed in the
posterior segment. Exploration of the wound by means of a probe is here
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of course quite inadmissible, and we must judge of its depth by the state of

the vision, the opacity of the lens, the presence or absence of vitreous in

the wound, and of blood or exudation in the vitreous.

Corneal wounds are usually linear and radial, but may be flap-like or

triangular, T-shaped, Y-shaped, or irregular ; the edges may lie in perfect

apposition or overlap, or be kept apart by prolapsed iris, and there may be

grayish infiltration for a little distance around. A two-pronged fork will

often give rise to a double puncture. The capsule of the lens is very often

injured in corneal wounds, and this is always followed by traumatic cataract,

which if the capsular wound is large undergoes spontaneous absorption.

When the wound in the capsule is a mere puncture it may become sealed

up, and the progress of the cataract is arrested.

Scleral wounds are particularly serious when situated in the ciliary

region, which corresponds to the sclerotic for one-quarter of an inch from

the clear cornea, and has well been termed the " dangerous zone." Such

wounds often lead to shrinking of the injured eye and sympathetic disease

of the other. Unfortunately this is the region of the sclerotic most exposed

to injury, and wounds farther back are comparatively uncommon.

One or more eyelashes not infrequently get drawn into the anterior

chamber in penetrating wounds of the cornea, and a great many cases are on

record. See paper by Landmann (Graefe's Archives, xxviii. 2) with full

references. They usually lie flat on the iris, but may have one end fast in

the iris and the other free in the aqueous ; they are rarely seen till the eye

has recovered from the accident, and even then are readily overlooked. If

some of the cells of the root sheath accompany the lash, these proliferate

and form an epithelial pearl growth ; see Kockliffe, and Cross and Treacher

Collins, the latter with full list of cases. These pearl growths take nearly

twelve months to attain the size of a split pea, they resemble a little

mass of camphor with the lash protruding from it, and should be removed.

Apart from the occasional occurrence of these growths, little if any harm

results to the eye from intrusion of a cilium; the writer had a case where a lash

had remained in the anterior chamber for twenty years, the lens was absorbed,

and the finest type could be read with a suitable glass. Schwartz describes

cases in which lashes had given rise to the occurrence of giant cells.

Penetrating corneal wounds also in some cases give rise to the formation

of serous cysts in the angle of the anterior chamber, and according to Evers-

busch these are due to inversion of the ligamentum pectinatum and

endothelial lining of the iris angle, with accumulation of aqueous in the

pouch thus produced. They are of very slow growth, but if not removed

will certainly lead to destruction of the eye from increased tension.

Treatment of direct Penetrating Wounds.—"Wounds in the ciliary region

with loss of vitreous, and with or without injury of the lens, require excision

of the eyeball, and this should be done before the onset of panophthalmitis,

as fatal purulent meningitis sometimes attends the operation in this con-

dition. Wounds of the sclerotic behind the dangerous zone may be

treated by conjunctival sutures as noted on page 383, and a good result as far

as appearance is often obtained, but detachment of the retina and total loss

of sicht is very common in all scleral wounds, and unless there is a prospect

of saving some useful amount of sight, primary enucleation is to be preferred.

Generally speaking, if the eye has not quietened down after a month, or at

latest six weeks after the injury, further delay is unjustifiable, and excision

is called for, as sympathetic disease is apt to come on at this time. Clean

cut wounds of the cornea without prolapse of the iris heal up quickly and

satisfactorily by the use of a compress wrung out of the perchloride lotion,
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and kept in position by a roller bandage. When in the course of a few days
the anterior has reformed, atropine is used thrice a day till all injection of

the eye has disappeared. When prolapse of the iris has taken place no
attempt should be made to reduce it, as it is difficult to do, and may intro-

duce septic matter into the eye. In recent cases there is no difficulty in

seizing the prolapsed iris with curved iris forceps, laid with the blades
parallel to the corneal wound, drawing it well forward and snipping it off

with scissors. This will have the effect of freeing the iris at both lips of the
wound, and leaving a coloboma almost as regular as after an ordinary
iridectomy. If some days have elapsed we must endeavour by the use of a
fine silver probe or spatula to break down and separate the adhesions of the iris

along the whole extent of the corneal wound and at both lips, and then draw
out and excise the iris. The recovery largely depends upon the successful

accomplishment of this procedure. If the lens has been wounded it is best

left alone, to be spontaneously absorbed or dealt with as mentioned on page
383. If purulent hyalitis supervene, indicated by the ominous yellow reflex

behind the lens, the eye is doomed and should be excised, but if pan-
ophthalmitis is present it is safer to perform the operation of evisceration, i.e.

removal of the cornea and surrounding ring of sclerotic, and clearing out all

the contents of the eyeball with a Volkmann's spoon.

Corneal wounds which reach a short distance into the sclerotic are quite

as liable to produce sympathetic disease as wounds confined to the sclerotic,

but detachment of the retina and other changes in the eye are not so apt to

occur, and good results are sometimes obtained by careful treatment.
Snellen detaches the conjunctiva freely at each lip of the wound, scrapes

the epithelium from the adjacent parts of the cornea, and then by sutures
endeavours to render the entire wound subconjunctival.

All lost, shrunken, and tender eyes should be excised; Pig. 4 is an
example of a mere stump of an eye which caused sympathetic disease.

Enucleation of the eyeball, also called excision and extirpation, should
always, when possible, be done under a general anaesthetic, and is performed
in the following manner :

—

The eyelids are kept apart by a spring speculum, the conjunctiva is seized with
fixation forceps quite close to the upper edge of the cornea and freely separated
with curved, blunt-pointed scissors as far back as the insertion of the rectus
tendon. The rest of the conjunctiva all round the cornea is then dealt with in a
similar manner. A squint hook is inserted under the tendon of the superior rectus
muscle, which is then divided with the scissors as close to the sclerotic as possible

;

the tendons of the internal inferior and external recti are divided in the same way.
The speculum having been unscrewed, but still in position, is pressed back firmly
into the orbit, when the eye will spring forward, and is lightly held between the
forefinger and thumb of the left hand. A strong, curved, blunt-pointed pair of
scissors, with the blades closed and their concavity looking forward, are then pushed
from the temporal side of the eye back into the orbit till the optic nerve is felt,

which is then divided by one snip. The tendons of the superior and inferior
oblique muscle are now divided and the eyeball is removed. The cavity is well
flushed with perchloride lotion, and when the bleeding has stopped the edges of
the conjunctiva may be brought together by two or three sutures, but these are
often dispensed with. I much prefer the plan used more than forty years ago by
Bowman and Critchett, of running a single thread out and in along the margins of
the conjunctival gap and drawing together but not tying the ends. On the third
day the thread is easily withdrawn by pulling on one end. The eyelids are inverted
by a thick pad of lint placed on their outer surface, which is kept in position by a
roller bandage.

An artificial eye may be worn in a month after the operation ; it is a
thin shell of glass made to resemble as closely as possible the front part

vol. in 25
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of the sound eye. Snellen has recently had glass eyes made by Messrs.

Miiller of Wiesbaden l in the shape of hollow globes, more or less flattened

at the posterior pole ; they are said to be more comfortable on account of the

rounded edge, and also look better, as they do not have the sunken appear-

ance so often noticeable with the old form. The old form is still the most
suitable when worn over a shrunken globe, or where evisceration or Mules'

operation of the artificial vitreous has been done in place of enucleation.

Injukies by Penetration, with Ketention of a Foreign Body in

the Eye.—Small particles of iron or copper, splinters of glass, porcelain, or

wood, small shot, and other small, hard bodies striking the eye with great

velocity, penetrate the cornea or sclerotic, and come to rest in any part of

the eye, giving rise to a very serious condition. The wound of entrance

being small and the fragment being as a rule aseptic, the gravity of the case

depends upon the presence of the foreign body, and generally speaking the

eye is doomed from repeated attacks of inflammation unless we succeed in

removing this. The evil effects of the foreign body are due to the mechanical

and chemical irritation which it sets up, and vary in intensity with its

material, size, and position in the eye. Large, irregular, sharp-angled bodies

do more harm than small, smooth ones; copper is much more obnoxious

than iron or steel, and lead is certainly better tolerated than either of the

latter.

Foreign bodies in the aqueous chambers are much less dangerous and
more easy of removal than those in the vitreous chamber, and we shall

consider the two classes of cases separately.

Foreign bodies in the aqueous chambers almost invariably gain entrance

by perforating the cornea; in the few exceptions, usually in gunshot

accidents and explosions, the foreign body goes through the lid and outer

part of the sclerotic, and reaches the lens or iris or anterior chamber from

behind. The corneal wound being very small and rapidly produced there is

no prolapse of the iris, the aqueous is often completely retained, and even if

it escapes and the anterior chamber is abolished, it is quickly restored. By
careful focal illumination the foreign body can be detected in the iris, lens,

or more rarely, free in the anterior chamber, but in the latter case, if it be

very small it can be quite hidden in the sulcus between the base of the iris

and the opaque limbus, or if it lies behind the iris in the posterior aqueous

chamber, its presence may only be suspected by a bulging of the iris, with

or without a tear in that structure. Blood may be present in small quantity,

either as a layer on the floor of the anterior chamber or more frequently as

a clot on the anterior surface of the iris. The pain is often very slight, and

persists only for a very brief time. The vision at first is but slightly if at

all diminished unless the lens has been wounded.

Treatment.—The removal of a foreign body from the aqueous chambers is not to

be lightly undertaken by any one who has not had some operative experience on the

eye, for a delay of a few days will probably do less harm than the attempt at

removal by a novice. Children must be deeply anaesthetised, but cocaine is pre-

ferable in adults. The instruments required must be at hand, and should comprise

speculum, fixation forceps, and scissors, Graefe's knife and keratome, curved iris

forceps, also small curved forceps with broadish ribbed blades, a curette, and a

Daviel's spoon. Very good daylight is necessary, or failing this, an electric focus

lamp. The pupil should not be dilated with atropine ; it is often advantageous

to contract it with eserine, which permits of a much better view of any substance

in the anterior chamber and renders injury of the lens less liable.

The corneal section should be made with a Graefe's knife rather than with a

keratome, so as to produce a flap, and this should not be too small. If the foreign

1 Can be obtained from Krohne and Sesemann, 37 Duke Street, Manchester Square, Lon-

don, W.
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body is free in the anterior chamber it may, by a piece of luck, at once escape with
the rush of aqueous, but in most cases it requires to be laid hold of and removed.
Small shot and other round bodies are best dealt with by the Daviel's spoon, scales

and chips of metal or glass or other hard, smooth substances should be seized with
the ribbed forceps, while fragments of wood and other softish material are readily

removed by means of the iris forceps. Foreign bodies on the iris, if not deeply
embedded, may, as recommended by Knapp, be removed by a small blunt hook or

a curette without excising iris, but if buried in the iris it is best to seize the foreign

body and iris together, draw them out of the eye, and cut off with scissors.

Foreign bodies in the lens are better tolerated than in any other part of

the eye, and may be left till complete cataract is produced, which is then

extracted together with the foreign body.

A foreign body behind the iris may sometimes be seen protruding in

the pupil, but at other times its presence is shown only by a bulging of

the iris. Its removal from this position always necessitates an iridectomy.

The lens is usually wounded at the time of the accident and must be dealt

with later.

Foreign Bodies in the Vitreous Chamber.—These not infrequently pene-

trate the coats of the eye and lodge in the vitreous, reaching this locality

by going (1) through the cornea and lens
; (2) through the cornea, iris, and

lens
; (3) through the cornea, iris, and zonule ; or (4) through the sclerotic

and underlying coats of the eye. In some cases the lid, usually the upper,

is also perforated. The diagnosis of such an occurrence is often a matter

of considerable difficulty, and frequently we can only arrive at a prob-

ability that a foreign body has entered the eye.

The first thing we do is to search for an opening or scar in the anterior

part of the eye. If this lies in the cornea there is seldom any difficulty in

detecting it, but if very small and in the sclerotic it is more likely to be

overlooked from the presence of blood in, or thickening of, the conjunctiva.

A good light and the use of a magnifying lens may here be necessary.

The patient's testimony, further than that he has received an injury, is

seldom to be trusted. Associating as he does the idea of " something in

the eye " with the occurrence of constant pain, he usually assures us that

there is nothing in the eye, and even goes the length of declaring that he

saw the piece of metal or other substance that struck the eye, when we
have undoubted evidence that it is actually in the eye.

Having made out the point of entrance, let us assume that this is in

the cornea and about its centre—we find a mark on the anterior and on the

posterior capsule, with a connecting streak running through the lens. If

more eccentric a hole in the iris will indicate the course of the foreign

body, which in this case may reach the vitreous by going through the

suspensory ligament in the circumlental space.

By the above signs we may be quite sure that a foreign body has pene-

trated into the deep parts of the eye, but we must bear in mind that this

may have gone through the globe to be lodged in the orbit. I have seen

this on several occasions with small, sharp pieces of steel and lead pellets,

but have never (before the use of Eontgen rays) diagnosed the condition

before enucleation of the eye. I had a case in which a sharp, sword-like

piece of steel over an inch in length penetrated the cornea and went clear

through the eye, one end becoming firmly fixed in the bony wall of the

orbit, the eye being impaled on the other end. The foreign body may
reach the vitreous directly by going through the sclerotic, in which case

careful probing may be required to ascertain if the whole thickness of the

sclerotic has been perforated. An opaque streak in the vitreous, one end
corresponding to the wound in the sclerotic, is often visible and indicates
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the track taken. When the foreign body has taken this route we are much
more likely to have haemorrhage in the vitreous than when it has gone
through the lens, rendering its detection more difficult ; but in the latter

case opacity of the lens takes place and, if advanced, may prevent our
making out the foreign body.

The foreign body may get entangled in the coats of the eye at the point

of entrance ; it may be free in the vitreous, or be suspended there in a

blood-clot or string of lymph. It may traverse the vitreous and become
embedded in the retina ; it may rebound from the back of the eye and
come to rest on the posterior part of the ciliary body below, as in Eig. 6

;

or finally, as already mentioned, it may go through the globe into the orbit.

If the media are fairly clear, we may with the ophthalmoscope see the

foreign body as a dark object with glistening margins in the vitreous or

embedded in the fundus. Bubbles of air are sometimes met with in the

vitreous, and are strong but not absolute proof of the presence of a foreign

body ; they are round, often multiple, glisten at the centre and have a dark,

sharply -defined border, by which characters they can easily be distin-

guished from solid substances. They always disappear in from one to

two days.

Choroidal plaques, often very bright and silvery looking, give us the

impression of a plate of metal lying on the fundus, but can be distinguished

by their shining all over and not merely at the margins. When a foreign

body has rebounded from the back of the eye we find a spot where the

sclerotic is exposed, with some haemorrhage around it, and when present this

affords us valuable information as to the nature of the accident.

Another piece of corroborative evidence is the presence of a finely

speckled appearance of the macula, which is common even when the foreign

body lies at a considerable distance from this part of the eye.

Chemically indifferent and smooth objects, such as a piece of glass, a

lead pellet, or a portion of highly-polished wire, may remain a long time in

the vitreous without causing any inflammation; but a fragment of iron

with roughened surface soon gives rise to inflammation, and becomes com-
pletely encapsuled in lymph in about a fortnight, after which the inflamma-

tion subsides, but is very apt to recur.

Eusty discoloration of the iris, lens, and other tissues takes place from

lengthy retention of a piece of iron, and in such cases is of some diagnostic

service.

Removal of Foreign Bodies from the Vitreous Chamber.—When the body is not
magnetisable our chance of successfully removing it is so very small that this

should be attempted only if we can actually see it, and it happens to lie near the

equator, either in the superficial layers of the vitreous or in contact with the

coats of the eye. Under these circumstances an incision is made by a lance-

thrust, when gentle pressure may cause the foreign body to escape with a slight

prolapse of vitreous, or a forceps may be introduced and the foreign body seized

and removed. Unfortunately, however, it frequently happens that our attempts
are fruitless : the vitreous escapes, but the foreign body remains in the eye.

Before undertaking the operation, it is advisable to get the patient's per-

mission to remove the eye at once if we should not succeed in extracting the

foreign body.
If it is a piece of iron or steel that has entered the eye, and, fortunately, 75 per

cent of all cases are of this nature, our chances of success by the use of the

electro-magnet, first devised and employed systematically by Hirschberg in

1879, are very much greater. Hirschberg's instrument, consisting of a cylinder of

soft iron surrounded by wire, connected with a battery, and tapped at one end to

hold different-sized probes, is convenient and inexpensive. Similar instruments

have been devised by Snell, M'Hardy, Froehlich, Jany, and others.

We are much more likely to succeed if the operation be undertaken within a
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day, or not later than two, after the accident, before it becomes covered with
lymph, and if it is not embedded in the coats of the eye. When an operation is

considered advisable it should be done at once.

If the wound of entrance is in the sclerotic, it should be enlarged and the
electric needle thrust into the vitreous towards the metal if seen, or in the direc-

tion in which it is supposed to lie. If successful, a " click " is both heard and felt,

and on slowly withdrawing the instrument the foreign body will be found
attached. The conjunctiva is then sutured over the wound in the sclerotic.

If the foreign body has gained the vitreous by going through the cornea, and
the lens is opaque, we should extract the cataract by a lower flap, and then make
for the foreign body by passing the electric needle through the operation wound.
If the lens has not been wounded our best plan is to dissect up a conjunctival
flap, about the equator, towards the outer side of the inferior rectus, and with a
Graefe's knife make an incision five or six millimetres in length in a sagittal
direction. The knife should be thrust deeply into the vitreous to reach the
foreign body, if possible, which renders the use of the magnet much more
effective.

If we are in doubt as to the presence of a piece of iron or steel, the use of the
sideroscope will, it is said, tell us for certain by the "dip" of the balanced
needle which is enclosed in a glass tube, and by placing the tube on different

parts of the front of the eye we can judge the position of the foreign body with
sufficient accuracy to decide where we should make our scleral incision.

Haab's giant magnet,1 a large cylindrical-shaped instrument weighing 30 kg.,

with blunt conical extremities, is of great service. If the patient be placed with
his cornea close to or in contact with one of the poles, the occurrence of sharp
pain tells us of the presence of a fragment of iron or steel which is drawn from
any part of the interior of the eye, either into the anterior chamber or through
the circumlental space to the back of the iris, which is seen to bulge.

The removal is effected by a corneal section and the use of forceps or Hirsch-
berg's magnet. The great advantage of this powerful instrument is in dealing
with small fragments which cannot be seen, or which have lain a long time in
the eye.

The use of Rontgen rays had been practically of no use in ophthalmic surgery
till Mackenzie Davidson worked out a plan which enables us not only to
detect foreign bodies in the eyeball or orbit, but to estimate their exact size and
position.2

The method is essentially as follows :

—

1. The patient is seated with the photographic plate in contact with that side
of his head which corresponds to the injured eye, the Crookes tube is on the
opposite side of the head, 30 cm. from the plate, and exactly opposite the point of
crossing of two wires stretched across the frame holding the plate, the one
vertical and the other horizontal.

2. The wires are inked so as to mark the patient's temple, a small piece of lead
wire is made to touch and mark the lower eyelid at a point which bears a definite

relation to some point of the eyeball, such as a scar, etc.

3. Two skiagrams are taken, one upon the plate with the Crookes tube 3 cm.
behind, and the other upon a celluloid film 3 cm. in front of the point of crossing
of the wires.

4. The two negatives, the celluloid one being uppermost, are then placed on
the " localiser "—a glass horizontal stage with a reflector underneath.

The adjustments are now repeated with a fine silk thread going from the
anode in its first position to the corresponding image of the foreign body, and
another thread connecting the anode in its second position to the corresponding
image. The point where the threads intersect fixes the position in space of the
foreign body in relation to the image of the cross wires.

Radiography has already been of signal service, it tells us for certain if the
foreign body has gone through the eyeball into the orbit, a thing we could never
be sure of before the use of this method, and when this is the case we may
usually with safety retain the eye.

Injuries by Strong Light, Heat, or Chemical Agents.—Momentary
contact of a gas flame, hot curling-tongs, or cigar ash, produces a superficial

1 Obtained from the maker, Jacob Rieter et Cie., Wintertbur, Switzerland. Cost 450 frs.
2 The apparatus is expensive, tbe whole outfit costing about £80. Good electric coils may

be got from Apps, 433 Strand ; Crookes' tubes from A. C. Cossar, 67 Farringdon Road, E.C.

;

and the Mackenzie Davidson localiser is made by Muirhead and Company, Westminster.
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burn of the cornea, shown by a limited area of milk-white opacity of the

epithelium, which being thrown off, exposes the nerve-ends, and gives rise

to severe smarting pain continuing till the epithelial covering is restored.

Healing is brought about in a few days by the use of a bandage and the

instillation of atropine. Burns by molten lead are chiefly remarkable for

the comparatively slight injury done, probably on account of the parts

being protected by a layer of vapour; the metal forms a more or less

complete cast of the conjunctival sac, and, when removed, one is astonished

to find only a superficial destruction affecting the corneal and conjunctival

epithelium. Molten iron, on account of its much higher temperature,

—

nearly four times as great as molten lead,—produces a far more serious

burn ; the cornea and sclerotic at the affected part assume a dense white

appearance from coagulation of the albumin in the tissues, often with the

edges of a yellow colour. The sensibility is much impaired or quite lost,

indicating necrosis of the parts, which by secondary inflammation around

are later thrown off as a slough exposing the vitreous, and leading to total

loss and shrinking of the eye, or in less severe cases to deep ulceration of

the cornea and sclerotic, with iritis and adhesions between the iris and lens

capsule.

Strong mineral acids, or alkalies—as potash, soda, ammonia, and lime

—

sometimes get in the eye, but we shall refer further only to lime burns, as

these are very common, often serious, and demand prompt attention. The lime

is almost invariably in a slaked or partially slaked form, and sometimes mixed

with sand ; it has a most deleterious effect on the cornea, and if not quickly

removed from the conjunctival sac, which can only be done by proper

medical aid, it continues to act upon and destroy the tissues. In -the least

severe cases the cornea is but slightly clouded, in moderately severe cases

the cornea becomes like ground glass, and in the worst there is a dense

white porcelain-like opacity with loss of sensibility. Ulceration often with

perforation takes place leading to adherent leucoma. The ocular and

palpebral conjunctivae are always involved and become adherent, giving rise

to a condition called " symblepharon," which is called " anterior " when a

probe can be passed under it, and "posterior" when the adhesion takes

place right back to the reflected conjunctiva. "Pterygium" also often

occurs during the healing process by a fold of the ocular conjunctiva

becoming adherent to a corneal ulcer.

Treatment.—All particles of iron, lead, lime, or other foreign substances

are to be picked off with forceps, or they may require to be dug out

with a spud. The use of a 5 per cent cocaine ointment will render this

process less painful. Particles of lime are especially hard to remove ; the

lids are everted and gently rubbed with pieces of lint soaked in oil or

vaseline, and particular attention must be paid to the retrotarsal fold.

In lime burns we must avoid the use of water, a strong syrupy solution

of sugar is the best thing to employ at first, or failing that, we may use

vinegar. No bandage should be applied, as it favours the formation of

symblepharon, and once or twice each day a probe is used to prevent or

break down adhesions. A solution of atropine in olive oil, four grains to

the ounce, should be freely applied several times a day with a brush. The

lids are often hard, infiltrated, and swollen, rendering it very difficult or

impossible to fully evert the upper lid, and hot fomentations are here

grateful and useful. If the conjunctival surfaces are burnt back to the

sulcus, it is quite impossible to prevent union, and one must rely upon

some plastic operation later on to cure or alleviate the symblepharon.

In the case of burns by acids we use a 1 per cent solution of carbonate
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of soda to flush out the conjunctival sac, and in the case of alkalies warm
milk is the best thing to use.

In all severe burns during the separation of the slough a warm solution

of corrosive sublimate (1 in 5000) must be freely used, and if the eye is

already lost and the pain is severe hot antiseptic poultices do good.

In the most severe cases of burn with molten iron or lime, with deep
sloughing and consequent perforation in the corneo-scleral region, one
may have to enucleate the eye, as sympathetic disease is liable to take place.

After watching a solar eclipse without the precaution of using very dark
spectacles, damage may accrue to the delicate structure of the retina,

shown in the least severe cases by the persistence for hours or days of an
after-image of the sun in the form of a golden disc, most noticeable in the
dark. No changes can be detected in the eye, and confinement to a
darkened room for a few days will effect a complete cure. In more severe

cases we get a decided reduction of sight, the presence of a positive scotoma
in the centre of the field of vision, and a " trembling " of objects looked
at such as is produced by hot air. The ophthalmoscope shows at the
macula a white, burnt-like spot which disappears in a few days, leaving the
macula more sharply defined and of a darker red than natural, often with
one or two minute grayish flecks; the foveal reflex is abolished. These
changes are without doubt the direct and immediate result of the light of

the sun focussed on the fundus, and in some recorded cases the gray fleck

on the macula has taken the form of a half-moon, exactly like the sun at

the beginning of an eclipse. In the course of a week or ten days central

vision has usually considerably improved, but some amount of defect

remains permanently, and in two of Haab's cases vision was only
one-third and one-fifth of normal respectively after so long a period as ten
years.

The ill effects of the electric light are seen in those whose duty it is to

adjust strong arc lights of say 2000 candle-power. The first result of

incautious exposure of the eyes is a dazzling and partial blindness, every-

thing looked at having a yellowish cast; this is followed in six to nine
hours by intolerable smarting pain and a feeling of grit in the eyes, profuse
lachrymation, swelling, and redness of the lids, chemosis of the ocular

conjunctiva, hyperemia and even actual inflammation of . the iris, with the
formation of adhesions to the lens capsule.

Iced compresses are the best thing to use at the start, followed by the
instillation of a mixture of cocaine and atropine when the crisis is reached.

Complete recovery always takes place.

The effects of lightning on the eyes are very numerous, and comprise
superficial burns of the lids and cornea, blepharospasm and intolerance of

light, conjunctival injection and corneal cloudiness, iritis and cyclitis,

cataract, spasm, or paralysis of accommodation, mydriasis or myosis, rupture
and detachment of choroid, vitreous opacities, retinal hyperesthesia, and
retinal haemorrhages, pallor or hyperemia of disc, neuritis and atrophy,

paralysis of muscles and ptosis. Some of these effects are mechanical in

their origin, others are thermic, chemical, or catalytic. The most frequent
and important are clouding of the cornea and opacity of the lens ; in a case

reported by Silex both conditions were present, but partially cleared away
in eleven months ; and in Denig's case the double parenchymatous keratitis

totally disappeared in four weeks.

The cataract is usually bilateral, may be complete or incomplete, and in

the latter case may rarely retrogress. The origin of the cataract is prob-
ably not alike in every case ; it has been regarded as a " concussion
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cataract " by some, from coagulation of the albumin, as secondary to injury

of the ciliary body, and on experimental evidence Hess believes it is due to

destruction of the capsular epithelium.

Extraction is followed by satisfactory healing, but the visual result is

often poor on account of coincident injury of the uveal tract or optic nerve.

LITERATURE.—1. White Cooper. On Wounds and Injuries of the Eye, London,
1859.—2. George Lawson. Injuries of the Eye, Orbit, and Eyelids, London, 1867.—3. Von
Arlt. Ueber die Verletzungen des Auges mit besonderer Miicksicht auf deren gerichtsarztliche

Wurdigung, Vienna, 1875.—4. E. Praun. Die Verletzungen des Auges, J. F. Bergmann
(Wiesbaden) 1899, with full bibliography.
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Anatomy, etc.—The eyelids are developed from two folds of epiblast, which
grow together from either side of the ocular cleft until they meet in front of
the globe to form a closed cavity, the conjunctival sac ; and from the mesoblast
which extends into these folds are derived the non-epithelial tissues of the lids

—

the tarsus, muscles, fasciae, etc. The line of union, where normally the folds meet,
separates again before birth to form the palpebral fissure ; and by the defective
union or separation of these folds various congenital deformities of the lids are
produced.

When the eyes are closed the palpebral fissure forms a tear-tight slit between
the lids, which varies in length and direction in different people. Its ends, where
the lids join together, are the outer and inner canthi, and its margins are
formed by the edges of the tarsal cartilages. The apparent size and shape of

the eyes, when the lids are open, depend upon the length and direction of the
palpebral fissure, which allows more or less of the cornea and sclerotic to be
exposed.

The skin of the lids is very thin, and is loosely attached to the subjacent
tissues, except over the area of the upper tarsus, where it adheres a little

more firmly. At the margin of the palpebral fissure the skin, where it merges
into the palpebral conjunctiva, is intimately attached to the edge of the
tarsus.

The subcutaneous cellular tissue, which after infancy is devoid of fat, is so
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loose and delicate that it admits of great swelling of the lids, which may occur
very rapidly.

The tarsal cartilages are two thin semilunar-shaped plates of fibrous tissue,

wedge-shaped in vertical section ; the thick edge of the tarsus forms the margin
of the palpebral fissure, and the thin edge is attached to the orbital margin by
the palpebral ligament, which is thickened at the canthi to form the inner and
outer tarsal ligaments. The inner tarsal ligament, which can be made to stand

out tensely beneath the skin at the inner canthus by drawing the lids outwards
with the finger placed over the outer canthus, forms a guide to the situation of

swellings in this position ; it is attached to the nasal process of the superior

maxilla in front of the lachrymal sac. It has also a second connection with the
lachrymal bone behind the sac, which it thus embraces. Beyond the sac the liga-

ment terminates in two processes to join the inner ends of the tarsi. The outer
tarsal ligament is shorter and less marked.

The free edge of the tarsus forms the long narrow margin of the lid ; it is

rounded in front where the lashes emerge in rows, and has a sharp edge behind
in contact with the globe. The end of this sharp margin is marked, near the
inner canthus, by the punctum lachrymali ; beyond this the edge of the lid is

rounded over the canaliculus, which runs beneath the tarsal ligament to reach
the lachrymal sac. On drawing the lids away from the eye the posterior surface of

the tarsus is exposed, covered by the thin, smooth, and adherent palpebral
conjunctiva, through which is seen the outline of the Meibomian glands, whose
orifices open in a row on the free border of the lid near its posterior edge. By
pressing the tarsus gently against the globe whilst the eyes are kept open, a row
of beads of secretion can be made to issue from the mouths of the glands.

This lubricating secretion prevents excoriation when the lids meet together
in winking, and also keeps the normal amount of tears from overflowing down
the cheek.

Muscles.—Between the palpebral fascia and the skin is the orbicularis palpe-

brarum, a thin muscle whose fibres surround the palpebral fissure concentrically,

and extend from the edge of the lids to beyond the orbital margin, where it

joins the contiguous muscles of the face and forehead. The palpebral portion
of the muscle, which arises from the internal tarsal ligament, performs the
function of a sphincter to the lids in winking, and when the eyes are gently
closed, as in sleep ; the outer or orbital portion is brought into action
during the forcible closing of the lids. The whole muscle, which is supplied
by the facial nerve, acts as the depressor of the upper and elevator of the
lower lid.

The upper lid is raised by the levator palpebrse ; and the lower lid is depressed
when the eyes are open and looking straight in front by the relaxation of the
orbicularis, which allows the lid to sink by its own weight ; but when the eyes
look down, the lower lid is further depressed and drawn backwards by the
inferior rectus muscle, which is indirectly connected with the attached margin of

the lower tarsus through an expansion of Tenon's capsule.
The levator palpebrse, which arises at the apex of the orbit, and is attached

by a thin and wide tendinous expansion to the upper margin and anterior

surface of the tarsus, is supplied by the third nerve. It draws the tarsus

upwards and backwards over the globe, and forms a fold in the skin correspond-
ing to its line of insertion in the upper tarsus. By raising the outer canthus
when looking up the levator also draws up the lower lid slightly. Muller's

muscle, which is supplied by the sympathetic nerve, and helps to keep open
the lids, consists of unstriped fibres that arise amongst the bundles of the
levator palpebra3, and are inserted with its tendon in the tarsus. Similar fibres

in the lower lid extend from the inferior rectus to the lower tarsus. The occipito-

frontalis, by contracting when the lids are open to their widest extent, can raise

the eyebrows, but is unable to affect the position of the tarsus.

Conjunctiva.—The inner surface of the lids is covered by the palpebral con-
junctiva, which is thin and smooth over the tarsal, but thicker beyond them
where it joins the ocular conjunctiva in the cul-de-sac (see " Conjunctiva").

The ophthalmic division of the fifth supplies sensory nerves to the lids.

The arteries of the lids are derived principally from the facial and temporal
and also through the lachrymal branch of the ophthalmic. The veins empty into
the facial and the ophthalmic.

The lymphatics of the lids pass over the margin of the orbit at the outer
canthus to enter the pre-auricular gland.
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Congenital Defects

Absence of the lids is as rare a condition as complete adhesion of

the lids, and are usually associated with defective developments of the
eye. Cysts in the lower lid will be considered in connection with
microphthalmos.

Coloboma of the Lids.—Coloboma of the lid is present when the whole
thickness of the lid is divided by a vertical fissure which may extend any
distance from the edge of one lid up to the orbital margin. It occurs more
frequently in the upper lid than in the lower. The fissure may be single

or double, and is not infrequently associated with a dermoid growth on the
cornea corresponding in its situation to the cleft in the lid. The treatment
consists in rawing the margins of the fissure, preserving if possible the
tissue at the free edge of the lid to fill up any gap which may oe left there
when the sides of the coloboma are brought together with sutures ; one
of these should be passed through the tarsus at its free edge along the lid

border.

Dermoid Cysts.—These tumours which most frequently occur near
the margin of the orbit have a similar origin to the dermoid growths else-

where. An ansesthetic is given, and the cyst is opened freely by a single

incision, which is made through the skin and cyst wall. The contents are

expressed, and the sac is removed completely, principally with the aid of

two pair of dissecting forceps. The skin wound is closed with sutures and
covered with a dressing.

Epicanthus.—The fold of the skin, which exists over the caruncle at

the inner canthus in some Oriental nations, may be so exaggerated in

Europeans as to form a congenital defect or deformity. In mild cases,

when the bridge of the nose grows more prominent, the defect may
disappear entirely or partially, and even in marked cases it may become
less pronounced. In bad cases, where the palpebral fissures are small

and narrow, and the bridge of the nose is flat and measures from 30 mm. to

40 mm. between the inner canthi, no great improvement need be expected

to occur; and even the removal of an elliptical -shaped piece of skin

from over the bridge of the nose does not usually improve the patient's

appearance.

Other congenital defects—ptosis, distichiasis, symblepharon, and ankylo-

blepharon—are described subsequently, as their treatment is the same as

for the acquired varieties.

Affections of the Skin of the Lids

Erysipelas.—When the lids are involved in an attack of erysipelas, the

swelling of the subcutaneous cellular tissue prevents the patient opening

the eye until the inflammation is subsiding, a condition which causes him

some alarm ; it is only, however, when suppuration in the cellular tissue

occurs that anxiety need be felt, as the inflammation may lead to sloughing

of the tissues of the lid, or extend to the orbit and cause loss of sight

through optic neuritis and atrophy, or even to loss of life through purulent

meningitis.

The local treatment in the early stages is to apply evaporating lead

lotion on lint, which is laid over the face and kept constantly wet.

Directly pus can be detected a free incision must be made in the lid, and

even then the skin of the lid and also the tarsus may slough away. When
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this occurs the raw surface must be grafted as soon as possible, and if it is

necessary" the margins of the lids should be rawed and joined by sutures to

prevent, by their temporary union, undue shrinking of the parts. (See

Lagophthalmos, p. 405.)

Herpes Frontalis.—Herpes of the first division of the fifth nerve

begins with neuralgic pains in the region of the affected nerve, and is

followed, within a day or two, by the eruption of a crop of herpetic vesicles

which appear over the course of one or more of its branches. The affected

parts become inflamed and swollen, and often on account of the oedema the

lids cannot be opened for the efficient examination of the cornea and iris

;

when this occurs vesicles should be looked for upon the side of the nose,

over the terminal branch of the nasal nerve (which gives off in the orbit the

sensory root to the ciliary ganglion and the long ciliary nerves), to ascertain

if it is probable that the cornea, iris, and ciliary body are involved. The
vesicles soon begin to dry up and form scabs, which separate and leave

depressed, characteristic scars as a permanent evidence of the attack.

When the ciliary branches are involved a keratitis or a kerato-irido-cyclitis

ensues, which lasts for months, and may end, in spite of all treatment, in

the partial or complete destruction of sight. The neuralgia which accom-

panies an attack usually subsides before the end of two years, but instances

occur where tic-douloureux is established, for the relief of which removal of

the Gasserian ganglion has been prescribed. The cause of the inflammation

of the Gasserian ganglion, the primary seat of the affection, is doubtful.

Treatment.—The indication is to relieve pain, when the skin only is

affected. In the inflammatory stage, lint kept constantly wet with evaporat-

ing lead lotion is applied over the head and face, and narcotics are given.

For the neuralgia, gelsemin, bromides, phenacetin, and allied drugs, as

also quinine, iron, cod-liver oil, etc., are prescribed. For the treatment of

the affections of the- globe produced by herpes, see " Cornea," " Iris,"

" Ciliary Body."

Eczema.—When the lids are affected in an attack of eczema, due to

some general cause, the treatment does not differ from that for the other

parts of the body, except that liquid applications, which would irritate the

conjunctiva, must be avoided, and be replaced by emollient ointments such

as zinci cremor, acidi borici, etc.

Eczema of the lids which is secondary to some affection of the eyes, such

as is produced by the use of atropine or some of its derivatives, can be

recognised by its occurrence during the use of the drug, and, usually, by the

Inflammation being confined to the face ; occasionally, however, the derma-

titis may become general, and be followed by exfoliation of the whole of

the epidermis, including the nails. The treatment consists in stopping the

use of the drug and in changing it for another mydriatic, either duboisine

or homatropine, and otherwise treating the case as one of general eczema.

If at any future time atropine is again used, however long the interval may
be, it is likely to produce a similar attack.

Eczema, which is associated with, or secondary to, phlyctenular or

catarrhal ophthalmia, and is accompanied by a nasal discharge, is best

treated by the application of a 1 per cent solution of nitrate of silver to the

conjunctiva, skin, and anterior nares. After the discharge has been

removed, the patient being anaesthetised, the silver solution is applied

vigorously to the whole of the raw surface, which is then covered with

dilute nitrate of mercury ointment (1 part to 4 or 8 of yellow vaseline).

The subsequent treatment consists in keeping the parts clean with a solu-

tion of borax and anointing them with the ointment.
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Abscess.—Abscess in the lid or eyebrow caused by the inflammation of

a hair follicle, or associated with suppuration of the cellular tissue of the

lid, does not require any special treatment, except that the incision to let

out the pus cannot be made too soon, to prevent burrowing in the loose

cellular tissue, which may lead to destruction of the delicate skin of the lid.

When periostitis of the margin of the orbit is the cause of the inflammation,

the abscess cavity must be scraped out with a sharp spoon and disinfected

with perchloride of mercury lotion, 1 in 1000, to endeavour to prevent
loss of bone and the formation of a sinus, which would lead to the displace-

ment of the lids. (See Ectropion, p. 402.)

Furuncle, carbuncle, and malignant pustule do not require special

treatment on account of their being situated on the lids.

Ulcees.—Tuberculous ulcer and lupus of the lids are recognised by the

same characteristics which these diseases present elsewhere. They frequently

extend from the palpebral conjunctiva and destroy a portion of the lid

margin before reaching the skin, though they may be secondary to lupus

of the lachrymal sac which has spread upwards from the nasal mucous
membrane. The enlargement of the pre-auricular gland usually subsides

when the disease is cured.

Treatment.—The infiltrated area is scraped with a sharp spoon until

the whole of the diseased tissue is removed. The parts are washed with
perchloride of mercury, 0-1 per cent, or a chloride of zinc lotion, 4 per cent,

and covered with an antiseptic dressing, which is renewed until healing is

complete. When the ulcer is finally healed, any displacement of the lid

may be remedied by a plastic operation.

Syphilitic and vaccine ulcers of the lids do not require any special

treatment on account of their situation.

The differential diagnosis between lupus, hard chancre, and vaccinia of

the lids does not give rise to any serious difficulty when an accurate

history of the case can be obtained. The slow progress, absence of hard-

ness, and characteristic infiltration around the margin of the ulcer in lupus,

render it difficult to confuse the condition with primary chancre of the lid,

though the pre-auricular gland may be enlarged in both cases. If the

diagnosis is doubtful for a time, the stationary character of the chancre

at length followed by secondary symptoms will soon make it clear.

The acute symptoms produced by vaccinia on the lids, its rapid sub-

sidence, and its usual occurrence in young mothers, are sufficient to render

the diagnosis easy.

(Edema.—(Edema of the lids is usually dependent upon some ascertain-

able local or general cause; occasionally, more especially in children, it

occurs, apparently as a primary affection which disappears quickly without
treatment. (Edema due to a distension of the lymphatic vessels of the lids

and neighbouring parts may come and go, or remain and resist all treat-

ment. Excision of portions of the hypertrophied subcutaneous tissue, or its

destruction with the actual cautery, to allow the lids to be opened, may be

tried.

Chromidrosis is a rare condition in which the sweat glands at the lid

margin secrete a blue pigment. This appearance can be readily simulated

by hysterical patients. (See " Sweat Glands.")

Parasites.—Filaria Loa, a parasitic worm, has been removed from the

lids of people who have lived in Old Calabar. The associated clinical

features are described on p. 477.
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Affections of the Glands of the Lids

Blephaeitis Maeginales, or Sycosis Tarsi.—The essential change in

sycosis is an inflammation of the follicles and glands of the lashes. In mild
cases this causes an excess of secretion from the sebaceous and Meibomian
glands, and leads to an exfoliation of the epithelium, which collects in dry
scales on the skin between the lashes. When this secretion is removed the
lids appear normal except for the congestion of their edges. In severe cases

pustules form round the roots of the lashes ; these discharge and leave small
ulcers, each with a lash in its centre. The discharge collects and forms a
crust on the lid margin, which mats the lashes together. When the lash is

shed the ulcer heals, but as soon as a new lash appears the same process is

repeated. If the disease is not arrested by treatment the follicles gradually
atrophy and the lashes eventually cease to grow, after passing through suc-

cessive stages of degeneration.

During the progress of the disease the skin around the lashes contracts,

and the conjunctiva along the lid margin, which is now congested and
thickened, becomes everted until it forms the lid border ; the lashes and
lid border are then found on the outer surface of the lid at some distance

from its apparent margin. As the puncta lacrimali are involved in the
ectropion, epiphora occurs and keeps up the eversion by producing excoria-

tion and contraction of the skin where the tears flow. In other cases,

owing to atrophy of the glands, the lid margins contract with the result

that some of the stunted and distorted lashes are turned in towards the
globe and irritate the cornea.

Sycosis may follow any inflammation in which the conjunctiva is

involved ; often it dates from some febrile attack such as measles.

Treatment.—In all cases the object of the routine treatment is to remove
the discharge by washing it away with warm 2 per cent borax lotion,

applied with absorbent cotton wool, and when the lids are absolutely clean,

some form of mercurial ointment is rubbed into their margins, and this is

repeated as often as the discharge collects. The strength of the ointment
has to be varied according to the severity of the case ; the indication being

to employ as strong an ointment as the eye will bear without undue
irritation. Ordinarily from half a grain to eight grains of the yellow or of

the red oxide of mercury to an ounce of yellow vaseline is prescribed ; but
in severe cases the dilute nitrate of mercury ointment may be tried.

When the disease is slight the treatment may be entrusted to the

patient or to his friends, but when the case is very bad the surgeon should
attend to it himself at least once a day. After removing the crust, the

lashes in the centre of the pustules and ulcers are pulled out, and the

remaining ones are cut off and should be kept short until the healing is

completed. The ulcers are then touched with a 1 or 2 per cent solution of

nitrate of silver before the ointment is rubbed into the lid margin. A more
rapid improvement will take place if the home attendant removes the

crusts as often as they collect, and then applies the ointment.

When the conjunctiva on the lid margin is thickened sufficiently to

produce eversion of the puncta, it will be necessary to cauterise it on the

ocular side of the punctum with the galvanic cautery. The contraction

produced by the scar will suffice to reinvert the puncta. Until this is

effected the cure will never be complete. If the ectropion is more pro-

nounced it will be necessary to apply Snellen's sutures to restore the
border of the lid to its normal position. (See Ectropion, p. 402.)

When the disease has caused many of the stunted lashes to be inverted,
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some form of entropion operation will have to be performed, either a

Burow, if the lid is thin, or a Jaesche Arlt, if it is thickened. (See

Entropion, p. 402.)

In all cases constant attention will either diminish or cure the affection,

but if this care is not continued for some time after the cure appears to be

completed a relapse is likely to occur ; also if the glasses, which correct the

error of refraction that almost invariably is present, are not worn, either

constantly or at least during near work, the sycosis will recur.

Hokdeolum, OR Stye.—An acute suppurative inflammation of the

sebaceous glands in connection with the roots of the lashes or of a Meibo-
mian gland constitutes, respectively, an external and an internal stye. They
may occur after a general febrile attack, such as measles or chicken-pox, or

after a muco-purulent ophthalmia or other conjunctival affection, or without

any obvious cause. The heat and discomfort which accompanies the onset of

the attack is followed by redness and swelling of the lid, which causes con-

siderable pain until suppuration and the bursting of the little abscess affords

relief. A stye which points on the outer or on the inner surface of the lid

according to its seat of origin is accompanied by more or less chemosis of the

conjunctiva, as it is situated nearer to, or farther from, the outer canthus.

Treatment.—Abortive measures may be tried in the earliest stage before

suppuration has begun : this consists in the internal administration of five

drops of the tincture of pulsatilla, every ten minutes, for an hour or longer;

or of half to one grain pills of sulphurated lime, which are taken every hour,

for six hours, or until the attack begins to subside. If this treatment fails

or was not begun sufficiently early, then epilation of the affected lash or

massage with a glass rod of the implicated Meibomian gland should be tried,

to evacuate any retained secretion. When suppuration has begun the pus

should be let out at once by puncturing the abscess with the point of a

Graefe's knife, which affords immediate relief. Until this can be done hot

boric acid fomentations should be used frequently, and should be continued

after the pus has escaped until the inflammation has subsided. After an

attack the lids must be bathed night and morning with a 2 per cent solu-

tion of boric acid, or with a 1 in 4000 solution of perchloride of mercury and

then massaged with boric acid ointment to keep the ducts of the glands in a

normal condition. The general health should also be attended to, and fresh

air and regular exercise be ordered.

In every case the refraction should be examined and corrected with

glasses, which are to be worn constantly, at least until all tendency to a

relapse has passed.

Chalazion.—This affection of the Meibomian glands, known also as a

Meibomian cyst or tumour, begins either as a small painless swelling which

may remain unnoticed until it has attained a considerable size, or it occurs

after an inflammatory attack on the lid. As the tumour increases in size,

by the growth of its granulation-like tissue which is encapsuled in a layer

of connective tissue, the swelling becomes more prominent and can be felt

in the tarsus beneath the skin. After a time the substance of the growth

breaks down in the centre, the liquid contents escape through a perforation

in the palpebral conjunctiva, and are followed by a button of the granulation

tissue which is flattened by coming in contact with the globe. In this con-

dition the tumour may remain for an indefinite time. When a cyst occurs

near the orifice of the gland it usually perforates the skin externally.

Occasionally these tumours occur singly, but frequently they appear in crops,

and may thicken nearly the whole tarsus. As there is no tendency to a

spontaneous cure the lid should be everted after the instillation of a few
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drops of a 2 per cent cocaine solution, and a little powdered cocaine is

dusted over the affected gland, which is easily recognised by its colour. A
vertical incision is made into the cyst with a Beer's knife, and the contents

are squeezed out. The interior of the cyst is then scraped out with a spoon
to remove all the jelly-like material, which grows again if the sac is not
completely emptied. After the operation the cavity fills with blood, and
the tumour only disappears when this has absorbed. When the sac has
perforated spontaneously, the button of granulation tissue should be cut off

and the contents scraped out through the opening in the tarsus which may
be enlarged with a knife. Occasionally on incising the cyst it is found to

consist mainly of connective tissue with very little jelly-like contents. In
such cases the growth has to be dissected out through an incision made in

the skin. The after-treatment consists in fomenting the lid with boric acid

or sublimate lotion, to be followed by a massage of the lids, for a few minutes,
every night.

Infarcts of the Meibomian Glands.—When the contents of these
glands are retained and become inspissated, they may undergo calcareous

degeneration (lythiasis), and during the process of their elimination they
make their way through the conjunctiva and act as foreign bodies which
irritate the globe.

The concretion should be removed with the point of a needle after the
application of a little cocaine solution. Subsequently the patient should
massage the tarsus by rubbing boric acid ointment into the edges of the lids

every night to keep the glands empty.

Tarsitis.—The tarsus occasionally is the subject of an acute inflammatory
attack followed by suppuration and sloughing of the whole of its structure

which leads to a total loss of the lashes and to a lax condition of the lid.

Even an early incision through the skin and capsule of the tarsus, followed

by hot boric acid fomentations to the lids, does not always prevent the pro-

gress of the inflammation. A more chronic inflammation of the tarsus which
causes considerable thickening of the lid and takes many weeks to run its

course is due to tertiary syphilis.

Affections of the Muscles

Spasm of the Orbicularis.—Spasm of the orbicularis varies in degree
from an occasional twitching of a few of its fibres (live blood) to the
complete closure of the palpebral fissure by the contraction of both the
palpebral and the orbital portions of the muscle.

It occurs occasionally as a primary affection, but more usually it is a
secondary symptom of an irritation of a branch of one of the divisions of

the fifth nerve.

The most common cause of the spasm is irritation of the conjunctiva or

cornea by foreign bodies, inverted lashes or any of the conjunctival or
corneal affections, and also errors of refraction. If the eyes appear to be
normal, changes in the other parts supplied by the second and third divisions

of the fifth nerve, more especially in the nose, mouth, or teeth, should be
treated.

When the cause is removed the spasm subsides without further trouble,

unless in its turn it has produced ectropion, or entropion with blepharo-
phimosis, of the lids, to which reference again will be made.

Primary spasm, especially when it is limited to one eye, in young
female patients, is usually due to hysteria. In older people the cause may
not be discoverable.
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The hysterical cases, when both eyes are affected, may often be cured at

once by the instillation of a few drops of a 2 per cent cocaine solution, pro-

vided the patient is assured that they will have this effect ; but when one
eye only is attacked the condition may continue for years, if too much
attention is paid to it, though eventually complete recovery will occur.

Senile blepharospasm, for which a remediable cause can be found in the

eye, ear, nose, mouth, or throat, is likely to recover, but when nothing can
be discovered and cocaine and astringent lotions and treatment (tonics and
bromides, etc.) for the general health fail, then a canthoplastic operation can

be performed or a portion of the orbicularis muscle near the outer canthus

can be excised.

Paralysis of the Orbicularis.—Paralysis of the orbicularis, though usually

due to an affection of the trunk of the facial nerve, may be caused by some
central lesion. The condition leads to epiphora, and sometimes to ulceration

of the cornea from exposure of the eye during sleep.

Until the treatment which is directed to the relief of the primary cause,

rheumatism, syphilis, injuries, inflammation due to ear disease, growths, etc.,

has succeeded or is given up as hopeless, the orbicularis as well as the other

facial muscles should be galvanised regularly, and during sleep the eye

should be protected by closing the lids with a pad and bandage or with

strapping. When the lower lid droops and becomes everted, the condition

should be remedied by the operation of tarsoraphy, if the paralysis cannot

be cured. At the same time the punctum may be reinverted by cauteris-

ing the conjunctiva just within the tear point.

Levator Palpebe^;—Congenital Ptosis.—Congenital ptosis or drooping

of the upper lid is usually symmetrical, and not infrequently it is accom-

panied by an inability to turn the eyes upwards above the horizon even

when the lids are held up. The condition is due to the complete or partial

absence or to paralysis of the elevator of the lids, consequently the patient

wrinkles his forehead and throws back his head in his effort to raise the

lids and to look beneath them.

Operative treatment alone affords the patient relief. The choice of

operations are numerous, but one of the simplest and most effectual in the

majority of cases is the insertion of a wire suture to connect the occipito-

frontalis with the tarsus. This also is the object of most of the other ptosis

operations.

This operation, which was devised by Dr. Mules, can be practised in the follow-

ing manner : The patient being anaesthetised, a horn spatule is placed beneath
theupper lid, which is incised with a Beer's knife, along the line that divides the lashes

from the orifices of the Meibomian glands. This incision extends along the middle
third of the lid and half-way through the width of the tarsus. Two straight needles,

two inches long, are passed from either exti-emity of the bottom of the wound,
through the tarsus, beneath the orbicularis and over the margin of the orbit until

they emerge, about two inches apart, through the lower part of the occipito-

frontalis and the skin above the eyebrows. When both needles are in position the

palpebral conjunctival should be inspected to see that it has not been perforated.

A Beer's knife is now passed along the needles to enlarge the skin wounds at their

point of emergence. The ends of a piece of freshly annealed silver wire is passed

through the eyes of the needles and drawn through the lid leaving a loop buried

in the bottom of the tarsal incision ; the ends of the wire are drawn upon until the

lid is sufficiently elevated, and then cut off about an inch from the wounds. Each
of these free ends is twisted into a coil, and is pushed through the skin opening
into the subcutaneous tissue, and a dressing is applied. The coiled ends of the

wire act as knots and can be drawn upon afterwards to lengthen the loop of wire,

in case too great an effect was produced at the time of the operation. If at any
future time the wire should break, the operation can be repeated.

A congenital condition in which the lid usually droops, but is raised
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spasmodically when the corresponding internal pterygoid muscle contracts,

is a defect which cannot be remedied.

Paralysis of Miiller's muscle due to an affection of the sympathetic nerve
leads to narrowing of the palpebral fissure, but not to true ptosis. The
treatment should be directed to the relief of the primary cause of the
paralysis.

Acquired Ptosis.—Ptosis when acquired is caused by a paresis, or

paralysis, of the levator palpebrse due to an affection of the nucleus or

the trunk of the third nerve in the cranium or orbit. Tabes dorsalis,

gummata, inflammation, tumours, and injuries may be the cause of the
affection, and until it is relieved by internal treatment nothing further need
be done. Even when internal treatment fails, it is rarely necessary to

perform an operation to raise the lid, except when both eyes are affected

(ophthalmoplegia externa), as this would cause the patient to have diplopia

if the other ocular muscles supplied by the third nerve were also paralysed.

In complete double ptosis Mule's operation may be performed on one
eye to enable the patient to see better to move about.

Defects in Position and Connection of the Lid

Trichiasis.—Trichiasis, or the growth backwards of one or all of the

lashes until they come in contact with the eye, is due to some cicatricial

distortion of the tarsus caused by granular ophthalmia, sycosis tarsi, burns
or injuries, etc. As a consequence the globe is perpetually irritated, and
the patient always has a feeling of having a foreign body in the eye. Until
the primary cause has been cured the ingrowing lashes should be pulled out
with a pair of forceps as often as they appear. When only a few lashes are

misplaced, and the lid margin is normally situated, a permanent cure can be
effected by destroying the roots of the faulty lashes with electrolysis. When
a part or the whole of the edge of the lid is wrongly directed, then some
operation should be performed to restore the lid margin with the lashes to a
normal position.

In people under twenty-five years of age a Burow's operation is generally

successful, but in all other cases a Jaesche-Arlt operation should be
performed.

Burovfs operation consists, when the patient is anaesthetised, in reverting the
lid over a broad ivory spatula, and cutting with a Beer's knife through the whole
thickness of the tarsus down to the orbicularis along a line parallel to and at a
distance of 3 mm. from the edge of the lid. The broad furrow thus formed
between the two portions of the tarsus is filled up with a mass of connective tissue
which allows the narrow strip bearing the lashes to resume its normal direction.

In older people this exudation into the sulcus is generally insufficient, and the
eversion of the lashes fails to take place. In such cases the following slightly

modified Jaesche-Arlt operation is indicated.

The patient is anaesthetised, and the lid is clamped between the blades of
Desmarre's forceps, care being exercised to evert the lid margin as much as possible
to facilitate the next step. This consists in making an incision with a Beer's knife
from one extremity to the other of the tarsus, along the line on its free border,
which separates the orifices of the Meibomian glands from the lashes, thus
dividing the tarsus for two-thirds or more of its depth into two laminae. The raw
surface of the posterior flap is dried and carefully inspected for the roots of any
lashes which may have been cut through ; they appear as small black bulbous
points which are dissected out. A strip of skin and muscle about 3 mm. wide is

excised by two parallel incisions which extend from end to end of the lid and meet
together at their extremities. The removal of this strip of skin and muscle along
a line about 1'5 mm. above the lashes should expose a corresponding portion of
the tarsus. The margins of the skin wound are united by three sutures, the forceps
are removed, and the lids are covered with a dressing. In a few days the wound

VOL. HI 26



402 EYELIDS, AFFECTIONS OF

is healed, and the lashes are found to be in a normal position. Even when only a
portion of the lashes is inverted it is better to treat the whole lid in this manner.

Distichiasis.—This congenital abnormality consists in the growth of a

second row of fine delicate hairs from the posterior margin of the free edge

of the lid behind the normal row of lashes.

If the abnormal lashes are left alone, and are not pulled out and made
coarse, they give rise to no inconvenience.

Entropion.—Entropion exists when the margin of the lid with the

lashes is inverted until the skin comes in contact with the globe. It is due

either to a contraction of the orbicularis muscle, spastic entropion, or to scars

in the conjunctiva or tarsus, cicatricial entropion.

Spastic entropion is seen only in old people with a lax and super-

abundant amount of skin, which allows the lid margin to turn in when it is

not well supported, because the globe is shrunken or absent or because of

blepharospasm. This form of entropion is limited practically to the lower

lid. Cicatricial entropion varies only in degree from trichiasis ; it is due to

similar causes, and is treated in the same way.

The treatment of spastic entropion consists in removing any cause which

may have produced it, such as the prolonged wearing of a cataract bandage,

which should be exchanged for dark glasses or a shade. If no cause can be

found the lid should be kept everted with strapping, and if, after a good

trial, this fails, then Galliard sutures should be inserted, or even a piece of

the redundant skin and muscles may be excised.

Galliard's suture is applied in the following manner : A large curved needle

threaded with No. 2 plaited silk suture is entered in the middle of the lower lid

immediately below the lashes, and is passed beneath the orbicularis muscle and
made to emerge through the skin on a level with the orbital margin. The ends of

the suture are then tied together as tightly as possible over the fold of skin. In
bad cases two similar sutures may be applied on either side of the central one,

midway between it and the ends of the lid. They are not removed until they have
cut their way almost out through the skin.

If this fails a strip of skin and orbicularis muscle is excised with scissors, and
the wound is closed with sutures. The width of the strip is ascertained in each

case by picking up with the T-shaped forceps a fold of skin in contact with the

lid margin ; it should be just of sufficient breadth to restore the lid to its normal
position. Care, however, must be taken to remove all the exposed orbicularis

muscle. The wound is closed with fine sutures, and covered with a pad and
bandage until it has healed.

Ectropion, or eversion of the lid, is produced by the following causes :

—

Spasm of the orbicularis muscle, paralysis of the orbicularis muscle, senile

changes in the lids and cicatrices.

Spastic ectropion, which may affect both lids, occurs in the young who
are suffering from some conjunctival inflammation which produces blepharo-

spasm. It disappears when the primary cause is cured, and therefore

requires no special treatment.

When paralysis of the orbicularis muscle is the cause of the drooping of

the lower lid the treatment will depend on the length of time it has existed,

and upon the nature of the primary cause. If the paralysis is likely to be

cured it will be necessary only to support the lid with strapping or with a

pad and bandage until this has been effected, but when the paralysis is

permanent the lax and elongated lid can be shortened and restored almost to

its normal position by excising a wedge-shaped piece from its extremity at the

outer canthus. This is done by making an incision from the outer canthus

through the whole thickness of the lid outwards and downwards for about

an inch. The lower lid is then drawn outwards until its margin is in con-'
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tact with the globe, and the portion which now extends beyond the canthus
is removed by an incision which joins the end of the first cut. Sutures are

inserted to close the wound, special care being taken to bring the free

margin of the lids together at the outer canthus.

Senile ectropion, which is chiefly due to a loss of elasticity and tone in

the tissue of the lid, may begin by an epiphora due to the eversion of the
punctum started by a conjunctival catarrh. When once the tears flow over
the cheek a vicious circle is established which may lead to the complete
eversion of the whole of the lower lid, together with a thickening of the
palpebral conjunctiva, caused by the irritation of the lashes of the upper lid.

In the earliest stage, when only the punctum and inner end of the lid

are averted, they may be restored to their normal position by means of a

scar, produced by burning the conjunctiva on its inside with the actual

cautery. At the same time the skin, where the tears flow, should be kept
supple with ointment.

When the whole length of the lid is everted, the effect should be tried of

Snellen's sutures, which are applied in the following manner.
The patient may be ansesthetised, or cocaine is applied and injected

beneath the lid. A suture, with a two-inch straight needle at each end, is

taken, and one of the needles is passed from the highest point of the everted
conjunctiva, a little to one side of the middle of the lid, beneath the orbi-

cularis and out through the skin just below the lower margin of the orbit.

The other needle is passed in a similar manner, and parallel to the first, at

a point at about one centimetre to its outer side. The loop formed by the
suture on the top of the conjunctiva is now drawn tight, by tying the ends
together over a piece of rubber tubing until the margin of the lid is inverted.

Two similar sutures are usually inserted on either side of the central one
before it is tied. The sutures are removed as soon as they begin to cut their

way out.

Cicatricial ectropion is due not only to loss of tissue caused by burns,

injuries, ulcers, and abscesses, but also to sycosis and to eczema of the lids

associated with conjunctival and lachrymal affections. The latter can be
dealt with by cauterising the everted conjunctiva with the actual cautery,

or by Snellen's sutures.

When the ectropion is caused by a scar in the skin adhering to the bony
margin of the orbit, the adhesion should be divided subcutaneously. The
patient is anaesthetised, and a strong Graefe's knife is entered at a point
about an inch distant from the scar, which is freely separated from the bone
without button-holing the skin. The knife is withdrawn, and the cavity
thus formed fills at once with blood, which raises the scar to a level with the
surrounding skin. This level is maintained for some days by passing two
hare-lip pins at right angles to each other through the normal skin and
across the cavity. If necessary the margins of the lids may be brought
together with strapping, or united temporarily with sutures, until healing
has taken place.

When the loss of tissue is not great and the lower lid alone is drawn down, the
defect can be remedied by Warton Jones' V Y operation. The patient is anaes-
thetised, and an incision is made through the skin and subcutaneous tissue from
just below the inner canthus, obliquely down and out to a point below the lowest
part of the scar. A second incision from near the outer canthus is made to join
the end of the first. The V-shaped flap, which should not be too pointed, is

dissected up until the margin of the lid can be raised to its normal position, where
it is retained by one or more hare-lip pins. One of these pins is passed from one
side to the other of the wounds, transfixing and securing the flap in its new
position, where it is retained by a figure of eight suture made over its ends. The
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leg and sides of the Y are united by interrupted sutures. When union has taken
place the hare-lip pin is removed, and the edge of the lid remains in its normal
position.

If the loss of tissue is too great to be remedied in this manner, an incision can
be made in the skin or scar of the lower lid parallel to its free margin. If the raw-

area is not too large it can be covered by a flap of skin with a pedicle, which is

dissected up from the neighbouring parts, turned round and stitched into its new
place. Or a flap of thin skin may be detached from a distant part of the body and
stitched into position. As such detached flaps always shrink, both when they are
dissected out and also when they have taken root, it will be necessary when mark-
ing out its size and shape to allow at least one-third for shrinkage. Or, in very
severe cases, after preparing the area the edges of the lids are united with sutures,

and the raw surface is then allowed to granulate over until it is ready to be covered
with skin grafts. Owing to the subsequent shrinkage which takes place in all

these cases it will probably be necessary to repeat the operation at a later date.

Ankyloblephaeon.—Ankyloblepharon, which consists in the union of

the margins of the lids only, is usually associated with symblepharon, where
the lids are adherent to the globe.

Both conditions are due to the healing together of raw surfaces produced
by some injury or disease, such as burns, diphtheritic ophthalmia, pemphigus
of the conjunctiva, etc. When the margins of the lids are joined together,

without any adhesion being present between the lids and the globe, their

separation is effected by dividing the scar of their union with scissors, and
keeping the raw surfaces apart by everting the lower lid with strapping.

When the adhesion involves the canthus, it will be necessary to unite a

piece of conjunctiva to the skin at the angle of the lids to prevent their re-

adhesion.

Stmblephaeon.—Symblepharon is the cicatricial adhesion of the lids to

the globe, produced by the partial or complete destruction of the conjunctiva.

It occurs after burns, injuries, and such diseases as diphtheria and pemphigus,

which denude the opposing surfaces of the ocular and palpebral conjunctiva.

When the adhesion does not include the fornix, so that a probe can be passed

beneath it, the condition is called anterior symblepharon, and can be remedied

by dividing the adhesion and stitching together the contiguous edges of the

ocular conjunctiva, leaving the raw surface on the lid to granulate.

Posterior symblepharon implies the destruction of the fornix, and may
be partial or complete ; in the latter case the conjunctival sac is obliterated,

and, as the lids are adherent to the cornea, the vision is practically

destroyed.

The treatment of cases of partial symblepharon is far from satisfactory

in the majority of instances, and therefore, if the condition does not give

rise to urgent symptoms, it is better to wait until the scar has had time to

become soft and elastic, when, often, it is found that all discomfort has

subsided.

The reason of the failure to keep the lids apart in complete symblepharon

is that healing takes place from the bottom of the cul-de-sac, and pushes up
any grafts or portions of the conjunctiva or skin which have been trans-

planted there.

Blephakophimosis.—Blepharophimosis, which consists of an apparent

shortening of the length of the palpebral fissure, produced by a fold of skin

being dragged in front of the outer canthus, is associated with,and is indirectly

produced by, affections of the conjunctiva, which give rise to blepharospasm.

The condition subsides when the primary cause disappears, or it can be

cured in the same way as blepharospasm by the operation of canthoplasty,

which is performed in the following manner. The patient being anaes-

thetised, the outer ends of the lids are put on the stretch and held slightly
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apart, while the palpebral fissure is enlarged by dividing the tissues at the

outer canthus with a pair of blunt-pointed scissors, one blade of which is

passed into the conjunctival sac. If the contraction of the fissure is very
marked the palpebral ligament should be divided vertically up to the orbital

margin by cutting it through with the scissors passed into the wound, where
the sharp edge of the fascia can be felt, between the skin and conjunctiva,

when the upper lid is put upon the stretch. If it is intended to produce a

permanent enlargement of the fissure, the conjunctiva and skin are united

together at the outer angle of the wound by a suture, and two other sutures

are inserted similarly in the upper and lower parts of the wound. If only a

temporary effect is required the sutures are not inserted.

Lagophthalmos.—Lagophthalmos exists when the lids do not meet
together during sleep. This may be due to a congenital or pathological

shortness of the lids, to ectropion, to a paresis, or paralysis of the orbi-

cularis, or to the globe being too large or too prominent for the lids to close

over it. The effect this condition produces will depend upon the degree to

which the eye is exposed. When the chink is narrow it may only cause a

slight chronic conjunctival irritation, but when a part or the whole of the

cornea is exposed, the latter may inflame and ulcerate, or become opaque,

and lead to partial or to complete loss of sight.

When the lids are too short congenitally there is no remedy beyond the

regular use of a borax or boric acid lotion to keep the conjunctival sac clean.

If the condition is due to, or is associated with, sycosis or eczema, then the

treatment for these affections should be carried out ; and when it is due to

ectropion an appropriate operation should be performed.

The exposure of the eye which occurs during prolonged unconsciousness,

in any illness, is to be remedied by bathing the eyes with boric acid lotion

and keeping the lids closed with a narrow piece of strapping.

For paralytic lagophthalmos a protecting bandage or the strapping of the

lids together at night is indicated until treatment for the primary cause

succeeds. When the orbicularis does not recover from the paralysis the

lagophthalmos may be lessened, if an operation for ectropion of the lower
lid has to be performed, but can never be cured, and the eye will always
have to be protected by means of glasses in the daytime, and by the

closure of the lids at night.

When the lids cannot be made to meet over a prominent or enlarged eye,

except when the palpebral fissure is shortened by bringing the lids together

at the outer canthus, then the operation of a tarsoraphy should be performed

;

if this does not suffice, the margins of the lids should be sewn together

throughout their whole length except for a narrow chink in the centre.

Tarsoraphy.—Previous to anaesthetising the patient or to injecting cocaine sub-
cutaneously near the outer canthus the lids are pinched together at the external
canthus, to ascertain the extent to which they must be united ; this point is marked
on the skin. If it is likely that the proptosis, which is usually due to Graves'
disease, will subside, a thin slice is taken away from the margin of both lids up to,

but not including, the angle of the outer canthus, which will allow of the fissure

being reopened subsequently. If the condition is not likely to improve, then a
thicker piece of tissue, including the canthus, is removed with a Beer's knife. The
raw surfaces on the lids are united with sutures, and the remaining portion of the
lids is brought together with strapping until union is complete.

Growths on the Lids

Benign.—Xanthelasma.—Patches of xanthelasma generally occur on the

lids below the upper and inner angle of the orbit. Though not infrequently
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they are associated with bilious headaches, no treatment but excision will

effect their removal.

Excision of the growth, at the patient's wish, should only be carried out

when its removal will not produce ectropion of the punctum, which would
occur if a large piece of the skin had to be taken away.

Molluscum contagiosum.—When these tumours are not very numerous
they can be removed by expression, but if they are scattered over the whole
of the body, only the large ones can be treated in this manner, sulphur

ointment being rubbed into the remainder, or sulphur baths are prescribed.

An anaesthetic is given when the tumours to be removed are numerous or

inflamed, and then, with a pair of Graddy's forceps, a fold of the skin con-

taining the tumour is gripped between the forcep blades and the contents

are squeezed out. Before doing this the skin over the apex of the growth
may be incised if the tumour is very large or is inflamed and suppurating

;

in the latter case it may be necessary to scrape out the growth with a

sharp spoon. The wounds in the skin are dressed with boric acid powder
and shreds of absorbent cotton-wool.

Milium and Cysts,—Milia, which appear frequently in the skin of the

face below the lids, can be removed by expressing their contents through an
opening made into their cavity with the point of a sharp needle.

The clear cysts which occur on the lid border by the occlusion of the

glands of Moll (Fuchs) are opened freely by transfixion with the point of

a Graefe's knife. Powdered cocaine is then dusted into their interior before

the lining membrane is removed, wholly or in part, by fine forceps and
scissors.

Nceims.—ISTaevoid growths in the lids may involve the skin, the sub-

cutaneous tissues, or the palpebral conjunctiva and then extend deeply into

the orbit. The patients are usually brought when quite young, either for

the relief of the disfigurement or because the tumour is growing. The
treatment consists in destroying the vascular tissue with the galvano-

cautery, or by electrolysis (see " Capillaries " and " Electrolysis "). When
the skin only is involved its surface is burnt by touching it in many places

with a fine, red-hot cautery point. This is repeated at intervals until the

skin has lost the naevoid colour. When both the skin and deeper structures

are involved, the cautery point is passed through the skin into the tissue

beneath, where it is made to burn a small cavity. This is repeated at

several points and usually on several occasions. When the deep tissues

only are involved, two or more platinum needles, connected with the pole

of a constant current battery, are plunged deeply into the affected part and

the current is slowly applied until gas bubbles begin to appear in the

wounds. After half a minute the current is reversed. At the first sitting

it is not well to make more than two or three punctures until the effect

produced by the treatment has been watched. In this way the blood is

coagulated in the vessels and the tissue shrinks without producing any

marked scarring of the skin. The wounds are kept aseptic by careful

attention to the dressings. An anaesthetic is required at each of the

sittings, which may have to be repeated several times in the case of large

growths. If the conjunctiva alone is involved, cocaine will suffice as an

anaesthetic when the growth is destroyed by the galvano-cautery.

Moles.—Black moles or those which are only pigmented should be

excised, more especially if they occur on or near the margin of the lid.

Warts and horny growths on the lids should be removed after a few drops

of cocaine solution have been injected into the subcutaneous tissue beneath

them, or if seated on the lid margin, after powdered cocaine has been
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dusted over them. The wound in the skin is closed by a suture, and
covered by a dry dressing.

Fibromata, or simple mollusca, are removed in the same way.
Malignant.—Rodent Ulcer.—The skin of the lids, more especially near

the inner canthus, is frequently the seat of a rodent ulcer, which may exist

as a small raised nodule of infiltration with a central area, covered with a
scaly crust, which ulcerates and heals without spreading to any perceptible

degree for months or years ; the small surrounding nodules contain new
vessels on their surface. As long as the ulcer is confined to the dry skin it

grows very slowly, but when once it has invaded the mucous membrane on
the lid margin it spreads fairly rapidly. The pre-auricular gland is not
enlarged.

The treatment consists in removing the growth together with a broad
surrounding margin of healthy tissue. When this is done it has no tendency
to recur, provided the skin only is involved ; but when the mucous mem-
brane is attacked even a very free removal will not always prevent a
relapse. When so much of the lids has to be removed that the globe is left

exposed and cannot be covered by a flap from the neighbouring parts it is

better to perform exenteration of the orbit. When the bony walls are

invaded they must be freely removed.

Epithelioma

Growths of this nature on the lids are rare. They may begin as a

small wart on the free edge of the lid, which increases slowly in size

until eventually its centre breaks down and ulcerates. By a continua-

tion of this process the lids and surrounding tissues are destroyed and
the neighbouring lymphatic glands (pre-auricular and submaxillary) are

affected.

The disease may be simulated by broken-down sebaceous cysts, mollus-

cum contagiosum, and fungating Meibomian cysts, but an exploratory

incision or a microscopic examination will determine the diagnosis.

The treatment consists in the free and complete removal of the growth
and the enlarged glands.

Sarcoma

Sarcoma involving the lids may occur at any age. In infancy it usually

begins in the orbit and involves the lids secondarily, and is of the round or

spindle-shaped cell variety, whereas in adults it begins generally in some
pigmented mole. If the diagnosis is doubtful an exploratory incision should

be made and a portion of the growth examined microscopically. In either

case complete removal of the growth is essential, and if necessary the whole
of the lids and orbital contents must be sacrificed.

Restoration of an Eyelid.—Whenever the lid with the palpebral con-

junctiva has been removed, an attempt should be made to remedy the loss

by means of a pedunculated flap which may be formed from the skin of the

forehead, temple, or cheek.

In the case of growths it is better to wait until healing of the primary

operation wound has taken place before performing any plastic operation,

as by judicious drawing of the neighbouring skin and ocular conjunctiva

together even the removal of extensive portions of the lids may be recovered

from to an unexpected degree.
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Injuries to the Lids

Eccbymosis of the lids, however great the swelling may be, subsides
without suppuration under the application of evaporating lotions, provided
the skin is not torn, the orbital bones are not broken, and the eye is not
injured. When the skin of the lid is wounded the progress of the case

will depend upon the cause of the injury. Simple incised wounds, and
contused wounds caused by a blow with the fist against the margin of the
orbit, which may have the appearance of being incised and lead to an error

of diagnosis, should be washed and rendered aseptic and then closed with
sutures and covered with an antiseptic dressing. When the edge of the lid

has been cut through, a silk suture should be passed through the tarsus at

its free border and the skin wound carefully united, otherwise a notch is

likely to be left in the palpebral margin which would cause epiphora and
considerable disfigurement. When this has occurred the lid should be
divided along the original scar and reunited. This is called for especially

when the lid has been torn through at or near the inner canthus and across

the canaliculi.

In such cases the nasal portion of the canaliculus should be divided and
kept open to prevent its permanent closing.

Surgical emphysema of the lids indicates that the injury has broken
some of the orbital bones which are covered by the mucous membrane in

connection with the air-passages. Through the rent in the membrane air

is forced into the subcutaneous cellular tissue during the effort which the

patient makes to get rid of the blood by blowing the nose. The treatment
is to avoid blowing the nose and to keep the parts covered with a spirit or

evaporating lead lotion until the swelling has subsided.
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As the name implies, this affection is characterised by atrophy of one-

half of the face, a defect which is shared by the skin, subcutaneous tissues,

and bone ; but all regions of the face do not suffer in equal degree.

Etiology.—A direct hereditary transmission of the affection has been
traced in a few cases. The manifestations of the malady most commonly
appear before puberty, and no genuine case of the kind has been known to

commence after the age of thirty years. Of the recorded cases, about a

hundred in all, more females have been attacked than males. Among the

possible exciting causes of the affection trauma demands special attention,

as an injury to the affected side of the face has preceded the manifestations

of the facial hemiatrophy sufficiently commonly to suggest a causal relation-

ship. Other conditions that have been regarded as similarly operative are
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abscess in the region of the ear, tonsillitis, erysipelas, influenza, and various

of the specific fevers, such as scarlet fever, measles, and enteric fever ; but

in a considerable number of the cases no cause has been ascertained.

Symptoms.—A white or yellowish white patch on the cheek, chin, or

forehead is, as a rule, the earliest indication of the malady. There may be

more than one such patch, in which case, as each spreads, they tend to become
confluent, and a large area of the skin of the face is thus involved ; but in

any case there is a gradual spread of the process from the seat where it first

appears. The margins of the patch are not well defined at first, but they

become more so in time. The skin may or may not be glossy, but in any
case it is parchment-like, and the part has a hidebound appearance ; the

cutaneous excretions, including sweat, may be diminished on the affected

side, and when parts that are covered by hair are involved, as for instance

the eyebrows, the hairs fall out or become changed in colour.

As the morbid process develops further there is atrophy of the sub-

cutaneous tissues, and there results a local depression which is most obvious

when the seat of the change happens to be the cheek, as is most commonly the

case, a deep pit appearing beneath the malar bone. So too in consequence

of the loss of the orbital fat the eyeball sinks in on the affected side. In

the further progress of the disease not only does a wider and wider area of

skin, including subcutaneous tissues, become involved, but the muscles share

in the wasting, so that in cases of long standing their volume is much
diminished, not, however, owing to any real atrophy or degenerative change

of the muscle fibres, but merely in consequence of disappearance of the

interstitial fat. That there is no change in the muscle fibre proper is

proved clinically by the fact that the facial movements are unaffected,

except in so far as they are hampered by the hidebound condition of the

skin ; and, moreover, on electrical examination they are found to respond

normally, except that it frequently happens that on faradic excitation a

response is obtained from the muscles with a weaker current than that

required to evoke contraction of the muscles of the unaffected side, in that

the current meets with less resistance in its passage to the muscles in con-

sequence of the atrophy of the subcutaneous tissues.

The bones of the face also share in the atrophy, so that the malar,

frontal, and superior and inferior maxillary bones may in time all become
much diminished in size, notably, though not exclusively, in the cases in

which the disease becomes manifest at or before the period of puberty, and
the teeth have been found smaller and decayed on the affected side in the

child. The cartilaginous tissues are also affected as a rule, so that the

cartilages of the nose may become shrunken, as may those of the ear. The
rate of progress of the disease varies in different cases, and there is also a

considerable difference in its extent, for in some patients it is limited to the

part in which it first appears, most commonly the cheek, while in others the

whole of the structures on one -half of the face become involved. The
change is absolutely limited by the middle line ; but in consequence of the

shrinking of the affected half of the face parts of the healthy side encroach

on that which is atrophied ; notably is this the case in regard to the chin

and nose.

The term hemiatrophy is not applicable to all cases of facial atrophy, in

that similar changes have been met with on both sides ; so too the face may
not be alone affected, for the tongue may share in the unilateral diminution

of bulk, a state of things that, as in the case of the facial muscles, does not

depend on a true atrophy of the muscle fibres of the tongue, for they

respond normally on electrical excitation. Then, again, other parts of the
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body have been known to be affected, areas of atrophy being found on the

back and arm on the same side as the facial affection.

Cutaneous sensibility is preserved over the affected side of the face, and
the sense of taste is preserved even in the cases in which the corresponding

half of the tongue is diminished in size.

Morbid Anatomy and Pathology.—Five cases have come to necropsy, but in
only one of these (Mendel) have the morbid changes been fully described. The
facial nerve was intact, but there was proliferating interstitial neuritis of the fifth

cranial nerve and atrophy of its descending root, and of the cells of the substantia
ferruginea pontis. Microscopical examination of the tissues of the face has
revealed atrophy of the papillae of the skin, with no definite change in the epidermis,
and wasting of the subcutaneous fat and connective tissue.

The malady was variously regarded by older writers as a " trophoneurosis," a
" vaso-motor change," and a " sympathetic affection," all of which views were purely
hypothetical. Another hypothesis is that the condition depends on an arrest of

development, though it is not known how this is induced, except that Hutchinson
has suggested that it is due to morphoea of the fifth nerve. The view that
has gained widest acceptance is that advanced by Mendel, who regards the
facial atrophy as the result of an interstitial neuritis of the fifth nerve, the con-
dition present in the case examined by him. Objections have, however, been
raised to this view, so that it cannot at present be said that there is any consensus
of opinion as to the pathology of the affection ; on the contrary, there is plenty of

room for further investigation, seeing that so few facts have as yet been ascertained
from the small amount of pathological material that has been available in the past.

Diagnosis.—There is little chance of a well-developed case of this kind
being mistaken for any other malady, as the affection can usually be

recognised at a glance. Several conditions, however, bear a superficial

resemblance to facial hemiatrophy. Among these are a congenital inequality

of the two sides of the face, the facial asymmetry associated with congenital

wry-neck, atrophy of the facial muscles as a result of poliomyelitis affecting

the facial nucleus, the asymmetry of the face consequent on facial hemi-

hypertrophy, that present in infantile hemiplegia, paralysis with atrophy

in the distribution of the facial and trigeminal nerves, and paralysis of the

cervical sympathetic.

In the cases of congenital asymmetry there is not the alteration in the

consistence and colour of the skin, nor is there the same difference in regard

to the growth of the hair. Where the atrophy is consequent on degenerative

changes in the muscles, as in poliomyelitis or other affections of the facial

nucleus or nerve, the electrical reactions readily determine with which
affection we have to deal in that, as has already been said, the electrical

reactions are not altered in facial hemiatrophy, unless it be that the muscles

respond more readily to faradism than they do on the unaffected side.

When the fifth nerve is involved as well as the facial altered electrical

reaction in the muscles supplied by its motor division and the presence of

cutaneous anaesthesia make the nature of the case clear. Asymmetry con-

sequent on hemiplegia, infantile or otherwise, is readily distinguished by
evidences of hemiplegia in the limbs on the affected side, such as defective

power, imperfect development, spasticity, alteration of the reflexes, and the

like. Sympathetic paralysis is recognised by the fact that the pupil is

small on the affected side, and does not dilate on stimulation of the side of

the neck, and there is partial ptosis when the lids are at rest, though the

affected one moves as well as its fellow when the patient looks upwards.

Prognosis.—Once developed the affection as a rule progresses, though it

does not in the least tend to shorten the duration of life. Spontaneous

arrest occurs in some cases, though on what this depends we are ignorant

;

it cannot be said that therapeutic measures lead to this happy result.
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Treatment.—There is no known treatment that has any influence on the

course of the affection. Massage, facial gymnastics, and galvanism all

deserve a careful trial, and such local measures may be supplemented by
the administration of tonics, such as strychnia, arsenic, and iron. In one
recorded case a "plumper" of rubber secured to the teeth, but easy to

remove for cleaning, considerably improved the deformity of the cheek.
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Spec. Path, und Therap. Wien, 1895.—5. Turner. Allbutt's Syst. of Med. 1899, vi. p. 485.

Facial Hem ihypertrophy.
This is a rare condition characterised by a general enlargement of the skin,

soft parts, and bones of the side of the face, over the area of distribution of

the fifth cranial nerve. A few of the cases described seem to have been
congenital in origin, but in others the disease developed at or after puberty.

Only two cases have been examined post-mortem, and these agree in

showing a pure osseous hypertrophy of all the bones on the affected side

;

also a nodular thickening on the anterior aspects of the frontal, malar and
maxillary bones, with a similar thickening of the palate, basilar process,

and sphenoid. The soft structures are equally involved, the skin being

thickened and coarse, and the hair and sebaceous follicles enlarged.

The cause of this condition is quite unknown ; it is doubtful if the

theory of exaggeration of " trophic " influence would be substantiated by
very detailed observations in future cases.

LITERATURE.—1. Hutchinson, J. Illustrated Med. News, 1889, p. 82.-2. Mont-
gomery, D. "W. Med. News, July 1893.—3. Thomson, Alex. Trans. Med.-Chir. Soc. vol. s.

p. 3 (with plates).
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The facial nerve takes its origin from a nucleus situated in the ventral

portion of the tegment at the lower end of the pons. The root fibres at

first pass dorsally and loop round the nucleus of the sixth nerve before

leaving the pons in close association with the auditory nerve. There is as

yet no unanimity of opinion as to whether all the fibres of the nerve are

derived from the nucleus whose position has just been indicated ; some of

the ascertained facts on this question suggest that the fibres which supply

the orbicularis palpebrarum and frontalis originate in a nucleus situated in

the neighbourhood of that of the third nerve, and that those which innervate

the orbicularis oris are derived from the hypoglossal nucleus (vide vol. i. p. 21).

Loss of power in the facial muscles may result from a lesion of the

centre for facial movements in the cerebral cortex, one which interrupts the

path of conduction from this region to the nucleus of the facial nerve in

the pons, which involves this nucleus itself, or which implicates the fibres

of the facial nerve at some part of their course after they have emerged

from their nucleus (vide Fig. p. 415). A broad distinction is drawn between

the cases in which the facial paralysis is the result of a lesion somewhere cm

the cerebral side of the nucleus in the pons, and those in which the lesion in-

volves the nucleus or the fibres which spring from it and form the facial
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nerve. We speak of the former variety of facial paralysis as of cerebral type,

and the latter as of peripheral type, and, as will subsequently be seen, there

are certain well-marked signs which serve to distinguish the one from the

other.

Etiology.—Paralysis of the facial muscles, the result of an affection of

the seventh cranial nerve, is in the majority of cases ascribed to exposure to

cold, and to this variety the term " rheumatic " facial paralysis has been

applied. Sometimes, however, no such exposure can be determined, but in

some cases of the kind there is more or less chronic exposure, the patient,

for instance, always working in a draughty shop.

Otitis media furnishes a small percentage of cases of peripheral facial

paralysis, the nerve being involved in the Fallopian canal (vide p. 143).

Traumatism supplies a still smaller number of cases, among which are to be

numbered those which result during the operation of clearing out the

mastoid, those consequent on external blows or wounds implicating the

nerve in the neck, notably in operations for the removal of tumours in the

parotid region, those the result of fracture of the base of the brain, and
such as follow forceps delivery in infants.

Haemorrhage into the facial nerve or Fallopian canal has been the cause

of the paralysis in a few cases. Syphilis is rarely responsible for affection

of the nerve outside the cranial cavity. In a few rare cases facial paralysis

has been a symptom in tabes dorsalis, and then it no doubt depends on

degeneration of the nerve.

Like the other cranial nerves, the facial may suffer in consequence of

meningitic conditions at the base of the brain, whether syphilitic or other-

wise ; it may also be involved in haemorrhage in this situation, or it may be

pressed upon by neoplasms. Apart from such direct pressure the facial,

like all the other cranial nerves, appears liable to succumb to some more
remote influence when a tumour exists within the cranial cavity, possibly

general increase of intracranial pressure, or it may be a neuritis, as yet un-

determined, but comparable to that which attacks the optic nerves.

Then again the root fibres of the facial nerve or the nucleus may be

implicated by a gross lesion within the pons, such as a tumour, haemorrhage,

or area of necrotic softening, while a sclerotic patch has been similarly

operative in disseminate sclerosis. Primary degenerative atrophy of the

cells of the facial nucleus is met with as part of a more widespread degenera-

tion in which other cranial nerve nuclei are involved, as for instance the

hypoglossal in chronic bulbar paralysis. In the rare cases in which facial

paralysis is the outcome of the action of the diphtheritic poison, there may,

no doubt, be affection of the whole peripheral neuron, including the cells of the

facial nucleus in some cases, but this has not been proved. In very exceptional

instances the facial nucleus has been the seat of anterior poliomyelitis.

Finally, facial palsy may be congenital, and a particular form of paralysis

of the facial muscles is met with as part of the symptom-complex of the

Landouzy-Dejerine type of myopathy.
Mokbid Anatomy.—"We have very little information as to the true state

of the nerve in the ordinary cases of facial paralysis such as are supposed

to be due to cold. The view that there is an interstitial neuritis with swelling

of the sheath of the nerve and compression of the nerve elements is purely

hypothetical, and the only positive facts of which we are in possession are

distinctly opposed to such a view. Minkowski examined a case of

" rheumatic " facial palsy and found a true degenerative neuritis with

destruction of the myelin sheaths, and without any interstitial change ; and

Dejerine and Theohari have had a similar experience. So too a case of
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facial palsy consequent on middle-ear disease examined by Darkschewitch
and Tichonow revealed a parenchymatous neuritis without interstitial

change; while similar observations have been made by Bikeles and by
Flatau.

Symptoms.—When there is complete paralysis of the muscles supplied

by one facial nerve there is an inability to perform any facial movements
on the affected side. Not only are voluntary movements impossible, but
emotions such as crying and laughing equally fail to evoke any movement
in the affected side of the face ; the difference in the behaviour of the
facial muscles on the two sides under such circumstances is very striking and
incongruous. In attempts to raise the eyebrows, as in the expression of sur-

prise, or to frown, the wrinkling of the skin of the forehead is limited to the
unaffected side, that on the affected side remaining smooth and motionless,

except in so far as it may be pulled on from the healthy side. When the
patient attempts to close the eyes the lids do not meet, and the eyeball is

at the same time rolled upwards, so that the cornea is concealed under the
upper lid, while sclerotic is alone visible between the unclosed lids. There
is inability to raise the upper lip, as in showing the teeth, and the lip also

hangs motionless when the patient smiles, except that the whole mouth is

drawn to the unaffected side owing to the unopposed action of the healthy
zygomatic muscles.

Although the want of tone in the affected muscles makes the difference

on the two sides of the face obvious during repose even in young people,

the difference is much more striking in the old, in whom the skin has lost

much of its elasticity, and in whom wrinkles and furrows are very pronounced.
The loss of elasticity of the skin allows the lower lid to fall away from the
globe, and the tears, which are much increased by the irritation of the ex-

posed eye, escape on to the cheek instead of finding their way down the

nasal duct, and cause the patient much annoyance. Furrows and wrinkles,

are smoothed away on the affected side, while those on the unaffected side

cease at the middle line. The naso-labial groove is much more shallow or

practically obliterated, while the skin of the lower part of the cheek hangs
pouch-like, and there is marked drooping of the angle of the mouth on the

affected side.

During sleep the eye is only partly closed. Attempts to make a puff,

as in blowing out a candle, result in failure, in that there is inability to

press the lips together on the affected side, while whistling is equally

impossible. On drinking, the liquid tends to escape at the corner of the

mouth on the paralysed side, while the mastication of food on this side is

much hampered, owing to the paralysed buccinator allowing the food to'

become lodged between the cheek and jaw. The character of the patient's

speech may be a little changed in consequence of the difficulty of articulat-

ing labial consonants.

The less obvious defects that are present consist in inability to dilate

the nostril on the affected side in sniffing ; so, too, persons previously able

to move the external ear voluntarily find that they are no longer able to do
so, and there is inability to bring the platysma into action, as may be done
normally by making the patient depress the lower lip. The paralysis of

the stylo-hyoid and posterior belly of the digastric cause no detectable

defect.

In consequence of certain fallacious statements that have been made to>

the contrary, it is necessary to insist on the fact that the palate is not
paralysed in an uncomplicated case of paralysis due to a lesion of the facial

nerve. Moreover, it must be remembered that mere asymmetry of palate
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or deflection of the uvula from its mesial position is not proof of unilateral

paralysis of the palate, but that only when defect of movement is detected

in the absence of cicatricial adhesion consequent on past inflammatory con-
ditions is the diagnosis of paralysis warranted. The existence of paralysis

of the palate in conjunction with that of the face indicates that the facial

nerve is not the only one affected.

So, too, the tongue, when protruded, may appear to deviate to the side

of the facial paralysis, an erroneous impression caused by the asymmetry
about the mouth, for there is no paralysis of the tongue in an uncom-
plicated case of facial paralysis,

Patients commonly complain of pain on the affected side of the face, and
notably in the eye on that side, but there is no blunting of cutaneous sensi-

bility in uncomplicated cases of facial paralysis. None of the special senses

are blunted with the exception of taste, which may be defective in certain

cases ; but smell may appear to be defective on the side of paralysis in

consequence of the defective action of the dilator naris in sniffing. Hearing,

on the other hand, may become more acute on the affected side, owing to the

unopposed action of the tensor tympani consequent on paralysis of the

stapedius, so that there is increased sensitiveness especially to musical notes

of low tone. Taste is only affected in those cases in which the lesion of the

facial nerve is somewhere between the origin of the chorda tympani and
the geniculate ganglion, and the loss of taste is then detected on the anterior

two-thirds of the tongue on the side of the facial paralysis. Some observers

account for the loss of taste by supposing that there is concomitant affection

of the fifth nerve in these cases, and they adduce in support of this the fact

that slight blunting of cutaneous sensibility is sometimes present on the

paralysed side of the face.

The electricalreactions of the affected muscles are such as are characteristic

of a peripheral lesion, so that the reaction of degeneration may be present

in typical form {vide page 248). The exact mode of behaviour to electricity

naturally varies with the severity of the affection of the nerve, but in a pro-

nounced case the nerve loses its faradic and galvanic irritability, so that in

the course of ten days or a fortnight no response can be obtained on stimu-

lating the nerve with either form of current. In the first two or three days
which follow the appearance of the paralysis there may be no loss, or even
a slight increase in the irritability of the nerve.

In cases in which the affection of the nerve is less severe there may only

be a diminished response to faradism and galvanism when the nerve is

excited, and yet there may be a qualitative change noted on excitation of

the muscles with galvanism, in that ACC may be greater than KCC—the

partial reaction of degeneration. This subject is further considered under
" electricity."

Contracture.—Some contracture and a tendency to overaction may
result on the affected side in any case of facial palsy, but more especially

when the paralytic defect has been severe. It may prove sufficient to re-

establish symmetry in the old, or to produce deformity in the young, so

that if viewed during repose the more pronounced furrows on the affected

side may lead to the healthy side being regarded as paralysed. This

mistake may also be made in consequence of the fact that slight voluntary

movements may not only begin on the affected side, but may be more
marked on this side ; but if the patient is made to perform the movement
more vigorously the true side of the palsy is at once revealed, in that,

although the affected side may move first, the ultimate result of movement
is greater on the unaffected side. The tendency to overaction is well seen
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in the sphere of one group of facial muscles when the patient brings another

group into action. On closing the eyes tightly the zygomatici overact and
draw the angle of the mouth outwards, while on smiling, the eye on the

affected side is almost closed by the overaction of the orbicularis palpe-

brarum. Spontaneous twitchings of the affected muscles may occur from

time to time, and the reflex excitability of the muscles is increased.

Different Types of Facial Paralysis and thejr Diagnostic Significance.—
In some cases of facial palsy, apparently of peripheral origin, only some of the
muscles supplied by the nerve are affected. The muscles which notably escape or

suffer much less in degree than others are the orbicularis palpebrarum, corrugator
supercilii, and frontalis, and in a smaller proportion of cases the orbicularis oris.

It is, moreover, a common experience that in the process of recovery from facial

palsy these are the muscles that recover first. Then again, with faradic reaction

otherwise abolished in the muscles supplied by the affected facial nerve, there may,
nevertheless, be a varying amount of response to faradism in the orbicularis palpe-

brarum and frontalis, or in the orbicularis oris. These facts detract from the
value that certain partial affections of the nerve are supposed to have as indications

of the nuclear origin of the disease. There is evidence that although all the facial

muscles receive their nerve -supply through the seventh
cranial nerve, only some of the nerve-fibres appear to be
derived from the nucleus of this nerve, others coming from
the nuclei of the third and twelfth cranial nerves. This is

suggested by the fact that with affection of the third

nucleus the orbicularis palpebrarum has been paralysed in

conjunction with the muscles supplied by the third nerve

;

that with degeneration of the hypoglossal nucleus in bulbar
paralysis the orbicularis oris is paralysed in conjunction
with muscles supplied by the twelfth nerve : and that in

congenital facial paralysis, which is supposed to be due to

an affection of the facial nucleus, the orbicularis oris escapes.

Apart from these rare cases just referred to, nuclear
facial palsy dependent on degenerative changes in the cells

only occurs in association with similar affection of other gCheme to illustrate the con-

cranial nerve nuclei, notably the hypoglossal, motor fifth, nection of the facial nerve.

and oculo-motor.
Pontine Lesions.—As has already been said, lesions of the pons may give rise to

facial palsy. When this is the case, other cranial nerves are also affected, as a rule,

notably the fifth or sixth, and less commonly the eighth. The facial paralysis that
results may or may not be of peripheral type, according to whether or not the
lesion is in the lower half of the pons, for it is only when the facial nucleus or the
emergent roots of the nerve are involved that this type of paralysis is present.

Such cases are usually further characterised by alternate hemiplegia, in which the
face is affected on the side of the lesion and the limbs on the opposite side. When
the sixth nucleus is also involved there is inability to turn the eyes to the side of

the lesion, whether they be also conjugately turned to the opposite side or not.

Meningeal Lesions.—Another place where the facial nerve may become involved
in disease is, as has already been said, at the base of the brain, between its exit

from the pons and the internal auditory meatus. The most reliable evidence
that this is the seat of lesion is the detection of affection of the auditory nerve on
the same side, in the absence of middle ear disease. It must not, however, be
supposed that the two nerves are always both affected under such circumstances,
despite the fact that they be in such close contiguity, for, on the contrary, one or
other may be alone affected. Gummatous meningitis is commonly the cause of an
affection of the nerve in this situation, but tumours may also be operative as may
fracture of the base of the skull.

Lesions of Cerebral Type.—The paralysis which results from a lesion situated
above the facial nucleus, either involving the facial centre in the cerebral cortex,

or some part of the motor path between this and the facial nucleus in the pons, is

characterised by a defect of movement which is chiefly seen in the lower part of
the face, the upper half suffering much less in degree ; then again there is

commonly a marked difference in regard to the behaviour or the facial movements
on voluntary efforts as compared with the effects of emotion, for on smiling or
crying the defect of movement is, as a rule, much less evident than on voluntary
effort, such as showing the teeth. Moreover, the facial muscles respond normally
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on electrical excitation, and there are usually signs of similar affection of the limbs
on the same side, constituting a hemiplegia of ordinary type.

Facial Diplegia.—Instead of the facial palsy being unilateral as commonly
obtains, sometimes both sides of the face are affected. Gummatous meningitis,

already referred to as a cause of facial paralysis, may result in facial diplegia, as

may fracture of the base of the skull, and in both cases bilateral deafness may be
associated with the facial palsy. The diphtheritic poison is, however, responsible

for the largest proportion of cases of facial diplegia, under which circumstance
many other muscles supplied by cranial and spinal nerves may be involved,

notably the palate, ocular muscles, and diaphragm. The ordinary so-called
" rheumatic " facial paralysis, already fully described, is occasionally bilateral, in

which case one side is usually affected first, and the other subsequently becomes
involved. Double otitis media has been known to cause facial diplegia, as has
periostitis consequent on teeth extraction and forceps delivery ; but in connection
with the last class of case it must be remembered that bilateral facial paralysis

may be congenital in origin. The facial diplegia met with in the facio-scapulo-

humeral type of myopathy is characterised by affection of the orbicularis palpe-

brarum and oris, in addition to which the zygomatici are usually defective. There
is, accordingly, inability to close the eyes properly, the lower lip hangs down and is

everted, the patient is unable to pout, whistle, or blow out the cheeks, and on
smiling the angles of the mouth are not drawn upwards and outwards as obtains

normally when the zygomatici are intact. There is diminished response in the
atrophied muscles to both forms of current proportional to the degree of atrophy
present, but the reaction of degeneration is not met with.

Prognosis.—The prognosis in facial paralysis is largely influenced by

the probable seat of the lesion causing the defect, and its nature. Indica-

tions that the condition is due to an affection of the nucleus of the nerve,

whether consequent on gross lesions in the pons or on chronic degenerative

changes in the cells of the facial nucleus, are of serious import, and recovery

cannot be expected. Evidence that the nerve is implicated outside the pons

is little less serious, except that when due to gummatous meningitis

some improvement may result from appropriate treatment. Prognosis is

eminently more favourable when an affection of the peripheral portion of

the nerve is responsible for the paralysis, but it naturally varies with the

severity of the affection, and to some extent with its cause. When due to

otitis media the results are, as a rule, unsatisfactory, even if the ear disease

be successfully treated; traumatic cases are usually unfavourable, as are

also those in which there is reason to suspect hemorrhage into the nerve.

In the variety due to cold, as indeed in any form due to a peripheral affection

of the nerve, an electrical examination affords the best means of arriving at

a reliable diagnosis. If faradic excitability be preserved in the nerve at the

end of about ten days recovery may be confidently expected in about a

month ; if there is notable diminution of faradic excitability at the same
period, recovery will probably be delayed until the expiration of about two

months ; while if there be no response to this form of current at the time

already indicated, three or more months usually elapse before recovery can

take place. Faradic excitability may not return for two or three months,

however, and yet recovery may ultimately ensue ; but under such circum-

stances prognosis ought to be most guarded, and so favourable a result

should never be promised. The fact that contracture may be subsequently

substituted for paralysis must never be lost sight of, especially in severe

cases, a condition which if slight may be recovered from, but which when
pronounced is usually permanent, though it may lessen somewhat in time.

Treatment.—Little can be done which is of advantage in the treatment

of facial paralysis, except when it is due to a peripheral affection. In any

case in which syphilis is suspected, however, mercury and iodide of potassium

ought to be given in full doses, while measures are at the same time adopted

for keeping up the nutrition of the muscles until recovery of the nerve has
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been established. When ear disease is the cause it is of primary importance

to treat that condition, as until it is remedied little good can be expected to

result from treatment of the facial paralysis. The cases due to exposure to

cold offer the best opportunities for successful treatment. In every case of

the kind fresh exposure to cold should be avoided, and when it is not

possible for the patient to remain in the house the affected side of the face

should be protected on going out of doors. Counter-irritation behind the

ear, in the shape of a blister, or mustard leaves several times repeated, is of

service. When there is much pain, and the patient is able to remain in-

doors, hot fomentations to the affected side of the face will give comfort.

Little can be expected from drugs administered internally. The view that

the condition depended on an interstitial neuritis with swelling of the nerve-

sheath and compression of the nerve, made it likely that good would result

from the use of mercury and iodide of potassium, but the ascertained facts

which have revealed a primary degeneration of the nerve elements without

interstitial change do not warrant this belief, nor does it seem reasonable to

expect that anti-rheumatic treatment can have any effect on such a state of

the nerve.

The most potent agent that we can employ in the treatment of the local

condition is electricity. The milder cases do not call for such treatment,

but when the affection is more pronounced the use of galvanism, of such

strength as to evoke a moderate contraction of the muscles, is a useful

measure for preserving their nutrition until recovery of the nerve results.

When there is response to faradism this form of current may be substituted

for galvanism, but my own practice is to use galvanism so long as I deem
it necessary to continue electrical treatment. Though it is difficult to prove

the contention, I am inclined to the belief that too prolonged use of electricity,

in any form, is apt to favour the occurrence of subsequent contracture, and
that the use of faradism is especially liable to lead to this unfavourable

result. However this may be, electrical treatment should not be employed

when there is any evidence of contracture ; but under such circumstances

facial massage,1 combined with warm douching, may prove of service.

LITERATURE.—1. Bernhardt. Neurolog. Centralbl. 1899, xviii. pp. 98, 146.—2.

Dejerine and Theohari. Compt-rend. soc. de biol. Paris, 1897, iv. p. 1033.—3. Fere.

Nouv. iconog. de la Salpetriere, Paris, 1898, xi. p. 147.—4. Htjbschman. Neurol. Centralbl.

1894, xiii. pp. 815, 844.—5. Lauterbach. Wien. med. Presse, 1897, xxxviii. p. 1289.—6.

Plicque. Presse med. Paris, 1898, ii. p. 181.—7. Turner. Allbutt's Syst. of Med. 1899,
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The facial muscles may be in a state of spasm, clonic or tonic, as a result

of many morbid conditions of the nervous system, this phenomenon being

but one of a number of different manifestations which together make up
the clinical picture of some disease. The term facial spasm is, however,

used in designation of a distinct clinical entity, and when so employed it

relates to an affection of the nervous system characterised by spasm limited

to the muscles supplied by one or both facial nerves, or in which, while

certain other abnormal phenomena may be present, this is the dominant

feature in the case. The spasm is, as a rule, clonic, but it is sometimes

1 See " Medical Gymnastics.

"
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tonic; it may involve all or only some of the muscles supplied by the

facial nerve, and it may occur in muscles which have either previously

manifested no abnormality, or been paralysed.

Etiology.—Direct heredity is very exceptional, but a family history of

allied neuroses such as epilepsy and insanity in other members of the

family is more common. When more than one member of a family has

been affected it is possible that diagnosis has been at fault, the real con-

dition present being simple tic or habit spasm. Females are more prone to

attack than males, and the idiopathic form of the affection usually occurs

in the later periods of life, as between the ages of forty-five and sixty

years. A neurotic temperament, previous manifestations of some other

neurosis, and a lowered state of nerve tone consequent on some debilitating

influence, may all be precursors of facial spasm, and, according to some
observers, dominant among the latter conditions is mental emotion. It is

interesting to note in this connection that the muscles concerned with

emotional movements of the face are those that are most often involved in

facial spasm. Another potent factor in causation is some peripheral source

of irritation especially occurring somewhere in the distribution of the

fifth cranial nerve, notably in the orbital region, which some writers

consider a more important cause than emotion. Migraine has been the

precursor of facial spasm, as has facial neuralgia, but the latter has been a

singularly infrequent antecedent considering that an attack of tic dou-

loureux is commonly attended with contraction of the facial muscles.

Exposure of the head and face to cold is sometimes a cause, in which case

the spasm may be preceded by facial neuralgia. The source of reflex

irritation may be] situated at a distance, in which category are to

be numbered the cases in which uterine or' intestinal irritation has

appeared to be operative. Many cases in women commence about

the climacterium. The repeated performance of some facial movement
appears capable of generating the spasm. Then there are cases in which
the spasm commences in the muscles supplied by some other nerve,

cranial or spinal, and subsequently spreads to those under the control of

the facial nerve, in the same way that, as I shall have occasion to point out

later, spasm beginning in the distribution of the facial nerve may sub-

sequently overflow to muscles presided over by some other nerve.

Apart from the cases in which paralysis has preceded the spasm of the

muscles organic disease may be responsible for the affection in several

ways. In this category may be included cases in which there is pressure

on the facial nerve by a tumour or aneurysm at the base of the brain, so

too tumours which cause a degree of pressure on the facial nucleus or the

emergent fibres of the nerve, insufficient to cause paralysis, may neverthe-

less evoke spasm in the muscles supplied by the nerve, and a like result

may come about in the case of a tumour or softening in the neighbourhood of

the facial centre in the cerebral cortex. Trauma to the head during delivery

or subsequent to birth appears to have been operative in some cases.

Symptoms.—The subjects of the affection are attacked from time to time

by spasm of the facial muscles which causes much distortion of the

features. The intensity and range of the spasm vary in different cases,

but a typical attack consists in a succession of clonic contractions which
follow each other, at first it may be slowly, and then more and more rapidly,

until they culminate in what looks like a tonic stage, which in its turn is

followed by a series of clonic jerks which are usually separated from each

other by longer intervals than those which constitute the first part of the

attack, and the terminal contractions are also commonly of greater
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excursion. With the increasing interval between the contractions there

may be a progressive diminution in the range of movement, but, on the

other hand, the last excursion may be as great as any that has occurred at

all during the attack. Instead of the clonic element being so definite, in

same cases the attack is characterised by a sudden tonus, or if there be
clonus it is so rapid as to escape detection, a quivering of the contracted

muscles being alone seen, and, moreover, an attack of this kind may ter-

minate as abruptly as it begins without any definite clonus being detected.

Instead of the spasm taking either of the forms already described, there is

sometimes a single momentary contraction of the muscles which resembles

the response to excitation of the facial nerve by a single induction shock,

and this phenomenon is repeated at short, either more or less regular, or

sometimes irregular intervals.

As has already been said, the whole or only some of the muscles
supplied by the facial nerve are affected; when the latter obtains, the

orbicularis palpebrarum and zygomatici are those usually in action, and
they are nearly always chiefly involved, except that the levator labii

superioris may usurp the place of the zygomatici in some cases. The
explosion of nerve energy may appear to make its influence felt on all the

facial muscles on one side simultaneously, or the first manifestations may
be definitely seen in one muscle from which the spasm may spread to

others, until the whole of the muscles supplied by one facial nerve are in a

state of activity. Not only may the spasm begin in one muscle and sub-

sequently spread to others, but it may be limited to certain of the muscles

throughout the attack. The orbicularis palpebrarum is both the muscle in

which the spasm most frequently begins, and that which is most commonly
affected in the partial forms of facial spasm, the condition being then

spoken of as blepharospasm, but other of the facial muscles may be
similarly affected alone.

Like the more generalised form of facial spasm, blepharospasm may be

either clonic or tonic ; the former variety is known as nictitating spasm,

and consists in a series of winking movements of the eyelids. When the

spasm is tonic in character it may persist for only a few minutes, or there

may be no relaxation of the lids for hours, days, or even weeks and months.
Some reflex source of irritation is commonly operative in these cases,

notably in connection with the ocular branches of the fifth cranial nerve.

Trigeminal neuralgia sometimes appears responsible, in which cases pressure

on the points which may be tender in trigeminal neuralgia may arrest the

spasm. The clonic variety known as nictitating spasm may be only a

symptom of simple tic (habit spasm), or it may be hysterical, while in

other cases no causal influence can be determined.

The ordinary attacks of facial spasm, in which all the muscles supplied

by the facial nerve are affected, are repeated from time to time at varying

intervals of from a few minutes to several hours, while the attack lasts a

few seconds or some minutes. When fully developed the spasm causes

partial or complete closure of the eye, wrinkling of the forehead, with
elevation or depression of the eyebrow, exaggeration of the naso-labial

groove, drawing of the angle of the mouth outward and it may be also

downward, with puckering and drawing up of the skin of the chin on the

affected side.

The spasm is usually unilateral, and when bilateral it as a rule begins

on one side, and is commonly limited to the side on which it commences
for some time before it spreads to the opposite side ; moreover, it may only

become bilateral in so far as the orbiculares, corrugators, or frontales are
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concerned,—muscles which may also be involved on both sides without any
implication of the muscles of the lower half of the face. The latter muscles
are rarely affected equally on the two sides except as part of a general

bilateral spasm of the face. Usually, though not invariably, the spasm
when bilateral is most pronounced on the side on which it is of longest

standing, and a paroxysm may begin on the side originally affected, or on
that more recently involved.

It is rare to meet with evidence of spasm of the stapedius muscle. A
rumbling noise in the ear has been regarded as evidence of this, and has
been an accompaniment of tonic spasm of the orbicularis palpebrarum.
Moos regarded giddiness and conjugate turning of the eyes to one side

during a paroxysm of facial spasm as evidence of lowering of pressure in

the labyrinth and semicircular canals consequent on spasm of the stapedius.

The tendency to facial spasm is increased by any emotional excitement
or facial movements such as in laughing, speaking, or chewing, any of which
may serve to evoke an attack. Mental and physical quietude, on the other

hand, conduces to freedom from spasm. Cold increases the liability to an
attack, while warmth lessens it ; so too a bright light acts unfavourably,

while darkness has a calming influence on the spasm.

It sometimes happens that the spasm spreads to parts supplied by
other cranial nerves and even to muscles supplied by spinal nerves ; thus

it is that there may be spasm of the muscles of mastication, tongue, and
neck, notably of the sterno-cleido-mastoids, and that even muscles of the

upper extremity may be involved, as may the muscles of the eyeballs

under exceptional circumstances. It is also rare for the muscles of the

palate to be affected, but when this has been the case bilateral or unilateral

spasm of the palate has been associated with unilateral spasm of the face.

The writer is not satisfied that there is sufficient justification for including

under facial spasm mixed cases such as those that have been referred to in

this paragraph.

Tonic spasm of the face as an independent condition is rare, though
cold is supposed to have produced it. This form of spasm is, as a rule,

consecutive to paralysis of the facial muscles, or is a part of some more
general condition such as tetanus, or it may be an hysterical manifestation.

When tonic spasm exists, the face may feel stiff, and there may be consider-

able interference with voluntary movement of the facial muscles. The
palpebral fissure is narrowed, the eyebrow elevated, and the angle of the

mouth drawn outward and slightly downward, the latter distortion when
bilateral giving rise to the peculiar grin that has been designated the
" risus sardonicus."

In the absence of organic disease to account for the facial spasm, loss of

motor power in the affected muscles forms no part of the clinical picture,

although voluntary movements may, of course, be interfered with by the

spasm. So too in the absence of organic disease of the nerve, it and the

muscles it supplies usually respond normally to electrical stimuli.

Disorders of sensibility are exceptional, and when present belong to

some concomitant condition rather than to the clinical picture of uncom-
plicated facial spasm. Pain, as has already been said, may be associated

with some condition in relation to the fifth nerve, and has then been supposed

to be concerned in the causation of the facial spasm. It is only when there

has been any destructive lesion of the fifth nerve that any blunting of

sensibility has been detected on the face. Apart from the auditory

sensation that has been attributed to contraction of the stapedius muscle,

no subjective sensations occur in connection with any of the other special
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senses, though loss of taste on the anterior part of the tongue has been

noted where there was reason to suppose that there was damage to the

facial nerve.

Pathology.—With the rare exceptions in which a gross organic lesion is

responsible for the affection, facial spasm has no known morbid anatomy, so that
the malady belongs to that large group of affections of the nervous system which
we speak of as functional. Two views are entertained : (i.) some morbid state of

the cerebral cortex
;

(ii.) an affection of the facial nucleus. There are points for

and against both views, but my own inclination is rather to regard the facial

nucleus as the seat of the trouble in the idiopathic cases. The cortical theory

obtains support from the fact that organic lesions of the cerebral cortex have been
known to generate facial spasm, while those idiopathic cases which have developed
after some mental emotion are best explained on this hypothesis. As militating

against this theory, however, may be instanced the fact that movements, and not
muscles, are represented in the cerebral cortex, so that the strict limitation of the
affection in the majority of cases on anatomical lines to the muscles supplied by a
single nerve is opposed to the cortical origin of the spasm. Moreover, it is con-

trary to the best ascertained facts that a centre in the cortex—such as that which
presides over the facial movements—should discharge time after time, it may be for

years, and yet that the spasm should remain absolutely limited to the anatomical
distribution of a single nerve, or only spread so as to involve the muscles supplied
by the corresponding nerve of the opposite side. In dealing with this kind of spasm
of cortical origin we are prepared rather for a discharge which, though beginning
of locally and so limited for a time, nevertheless sooner or later spreads so as to

involve in definite order parts other than those presided over by the facial

nerve. So too paresis commonly follows local spasm of cortical origin, whereas,
as I have already said, loss of motor power forms no part of the clinical

picture of idiopathic facial spasm. A further point that has its bearings on the

question is, that with the cerebral hemispheres apparently intact gross lesions in

connection with the facial nucleus in the pons, or of the nerve itself, have been
responsible for facial spasm.

In support of the alternative hypothesis that has been advanced, is the fact that

has been last mentioned as militating against the cortical theory, in which con-

nection it may be said that when the facial nerve rather than its nucleus has been
interfered with, there is every reason to believe that the spasm, nevertheless,

takes origin in the nucleus, which becomes deranged secondarily, for it is contrary
to all known facts that irritation of the nerve-fibres should be capable of inducing
such definite attacks of clonic spasm as occur in these cases, except through the

agency of the nerve-cells of the facial nucleus. Another point in support of this

hypothesis is the strict limitation of the spasm, in the majority of cases, to the
muscles supplied by the facial nerve. As of some value and in favour of the

theory now under consideration, is the fact that reflex irritation in the sphere of

the fifth cranial nerve, which is specially related to the facial in reflex action,

appears to generate the spasm in not a few cases. It is easier to understand that

such peripheral irritations exert their influence on the facial nucleus, rather than
that their influence is operative on the facial centre in the cerebral cortex.

_
There

are two chief arguments that have been advanced against the hypothesis that

supposes the spasm to originate in the facial nucleus : the one supposes such a
centre as only capable of discharges which result in tonic and not clonic contrac-

tion of the muscles ; and the other points to the fact that gross cortical lesions

generate facial spasm in some cases, and that the idiopathic cases generated by
mental emotion are most readily explained by the cortical theory.

_
In regard to

the first of these objections, I venture to submit that there is insufficient proof that

a centre like the facial nucleus is incapable of discharges which are manifested by
clonic rather than tonic contraction of the muscles ; and while I admit the strong
force of the second argument, it does not appear to me to be absolutely fatal to

the lower centre theory. It may be that gross lesions of the cortex or mental
emotion only serve to weaken the inhibiting influence exerted by the cortical

centres over the subordinate facial nucleus in the pons, and thus allow of spon-

taneous discharge of the lower centre, in which secondary changes may further

have been induced, in the cases of gross lesions of the brain.

Diagnosis.—The first question to be decided is whether the case is one

of true facial spasm or some condition simulating it. Having decided that

it is genuine facial spasm, we have next to determine whether the condition
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is idiopathic or the outcome of organic disease. Among the conditions

that may be mistaken for facial spasm is a hysterical affection in which the

quivering of the muscles does not, however, in the least resemble what is

seen in the genuine condition. A tonic spasm of the orbicularis palpe-

brarum sometimes occurs in hysteria. The age of the patient, the sex,

and the detection of hysterical stigmata of one kind or another, usually

serve to distinguish these cases. Chorea, in which there is much facial

spasm with little evident affection of the limbs, may lead to error, but the

character of the spasm and the detection of some spasm which is always

present in the limbs ought to prevent mistakes. As regards the distinc-

tions between the idiopathic variety of facial spasm and that the outcome
of organic disease there are several important points to be considered. A
history of an antecedent attack of facial paralysis, either alone or as part

of a hemiplegia, must of course be inquired for. So too the detection of

any weakness of the facial movements, together with permanent con-

tracture and overaction, as well as the paroxysmal attacks of spasm, point

to an organic origin of the latter, and the detection of evidences of hemi-

plegia are of like significance. Much more difficult cases to decide about

are those in which the facial spasm is evoked by organic disease in the

neighbourhood of the facial centre in the cortex, the nucleus in the pons,

or the nerve after its emergence from the pons. One of the most valuable

aids to diagnosis in this class of case is the occurrence of weakness of the

facial movements which comes on concomitantly with the spasm, or which

is of later development and progressive. Search should be made for

evidence of implication of any of the other cranial nerves, as the detection

of such would lend support to the view that an organic affection was
primarily responsible for the occurrence of the facial spasm. When
muscles like the zygomatici are alone affected it is probable that the

disease is in the cortex, but when the whole of the muscles supplied by
the facial nerve are involved it may be impossible to decide whether the

lesion is in the cerebral cortex, the pons, or in connection with the trunk

of the facial nerve outside the pons.

Prognosis.—Excepting where the facial spasm is a symptom of some
organic disease, there is nothing in the nature of the affection itself to cause

any anxiety as regards the duration of life ; but it proves a constant source

of worry and annoyance to the unfortunate victim. The affection is most

intractable, as a rule, and usually persists for years or permanently in

defiance of all treatment, or intermissions in the spasms may occur spon-

taneously or as the result of therapeutic measures, but there is usually a

return of the spasm after a variable period, and it may ultimately be

permanent. The more certain we can be that the spasm has been initiated

by some source of reflex irritation which can be removed, and the earlier

treatment is commenced, the more favourable does prognosis become, while

the more uncertain the cause and the longer the spasm has been in exist-

ence the more unsatisfactory is the outlook.

Treatment.—When symptomatic of some organic disease treatment

must, of course, be directed to the condition of which the facial spasm is

a symptom. In the ordinary cases of the affection a diligent search must

be"made for any source of reflex irritation, and, if any such can be found,

measures should be promptly taken to remove if possible, or failing this,

to palliate it. Decayed teeth must be dealt with, errors of refraction

corrected, and so forth. When there is reason to suspect cold as the cause

of the facial spasm the affected side of the face ought to be kept warm, in

addition to which it is of advantage to bathe the side of the head and face
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frequently with hot water, and free diaphoresis may be induced with
advantage at the outset of the treatment. In addition to the removal or
palliation of any cause that can be detected, attention must be directed to

the nervous system in the hope of finding some means of rendering the
facial neurons less prone to independent discharge. One way of attempt-
ing to effect this is by the administration of drugs that are known to have
a sedative action on the nervous system, but though, probably, every drug
of the kind has been tried, they are as a rule impotent, and no single drug
can claim a greater measure of success than the possible cure of one or at

most two cases.

Morphia, either alone or in conjunction with atropine, has been more success-
ful than any other drug, but the treatment has to be continued so long that
dangers of the morphia habit and its attendant miseries proves a strong deterrent
to this mode of treatment. Conium and gelsemium have each been said to do
good, but the bromides are practically of no value in the treatment of this
affection.

Another way in which the tendency to spontaneous discharge may be lessened
is by attempting to improve the nutrition of the neurons in the hope of making
them more stable. To this end various tonics have been employed, such as
arsenic, zinc, strychnia, silver, iron, and quinine ; but the results have been
practically no more encouraging than with the sedative line of drug treatment.
In many cases the objects of the tonic line of treatment are best attained by
isolating the patient, insisting on absolute physical and as much mental rest as
possible, liberal feeding, and the employment of general massage and faradism.
With improvement of general nutrition it may be hoped that the nutrition of the
neurons will also be favourably influenced, and that those of the facial nerve will
naturally share in these benefits. Where depressing emotions appear responsible
for the generation of the spasm every effort should be made to lessen their
influence, and any general impairment of the patient's health must be combated.

Good from electrical treatment directed to the facial nerves and muscles can
only be expected to arise when galvanism is employed, and, moreover, only the
" stabile " method of applying the current is admissible. A gentle current of not
more than two milliamperes ought to be used, and care should be taken to intro-
duce the current slowly and to shut it off as gradually. Opinions differ as to the
best positions for the electrodes, but the practice of the writer is to place the
anode over the trunk of the nerve in front of the ear or on its branches individu-
ally, and to place the cathode at some indifferent point, as for instance the back
of the neck, while towards the end of the application a pole may be placed on
each mastoid for a few minutes. Facial massage may be advantageously com-
bined with the electrical treatment in some cases.

Blisters and other forms of counter-irritation behind the ear, while producing
no permanent good, seem to be capable of diminishing the spasm for a time, and
benefit has been observed after counter-irritation to the cervical spine. When
there are tender points in the distribution of the fifth cranial nerve and pressure
directed to these spots arrests the spasm, some recommend the application of
blisters or the thermo-cautery to these points, while Sir William Gowers advises
the hypodermic injection of cocaine at the tender spots. Dr. Weir Mitchell
recommends freezing of the cheek for a few minutes by a spray every day or
every other day.

Stretching the facial nerve can claim no more success than other modes of
treatment that have been tried in this affection, for unless the stretching be
sufficiently vigorous the spasm is not influenced, and when the stretching is

vigorous paralysis of the facial muscles must of necessity result. The prospects
of recovery from the paralysis are good, but with return of power, in cases where
the nerve has been temporarily put out of action, the spasm reappears. In some
cases it may be less severe than before the operation, but in others it is as severe
as ever. The operation of stretching should be supplemented by the administra-
tion of sedatives for some months in the hope that the combined treatment may
be more effective than either is when employed alone.
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Definition.—By the term faeces we mean all the excreta, whatever their

source, which leave the body by the anus. Most healthy persons have a

movement of the bowels about once in twenty-four 'hours. Some, however,
without any noticeable departure from health, have two movements per day

;

while others have their bowels moved only every second or third day.

Characters.—The examination of the feces is of interest to the physician

and to the physiologist. To the former the most important methods of

examination are the physical and the bacteriological ; the results of chemical

investigation have hitherto been chiefly interesting to the latter.

The Physical Examination.—A. The Normal Faces.—The character

of healthy feces varies considerably, chiefly owing to the influence of diet.

The principal features are as follows :

—

(1) The amount averages about 6 or 8 ounces daily.

(2) The consistence is such that the motions are " formed," that is to

say, they take and retain the shape of the bowel. Eseces retained any
length of time lose some of their moisture, and become firmer or even quite

hard (scybalous).

(3) The colour is mainly due to a pigment called stercobilin, which is

believed to be identical with hydrobilirubin. On a vegetable diet the feces

are usually pale. On a flesh diet the presence of hsematin or substances

derived from it {e.g. ferrous sulphide) may produce a dark shade of colour.

(4) The characteristic odour of feces is mainly due to skatol bodies.

(5) The reaction varies, but is usually alkaline.

(6) The specific gravity varies considerably. Usually feces float in

water, but if they have been long retained in the bowel they may sink

owing to loss of gas.

The Normal Fences of Infants.—The first discharges after birth are

called meconium. This is semi-solid in consistence, greenish-black in colour,

and composed chiefly of concentrated bile and intestinal debris. It is dis-

charged three or four times daily for two or three days. The stools then

gradually change in character, and assume the appearance of healthy milk
feces by the fourth or fifth day.

A healthy suckling discharges two or three ounces of feces daily.

These are of soft, homogeneous consistence, of a rich yellow colour, and of

an acid reaction. They have a faintly sour but not disagreeable odour.

The colour is due to bilirubin. The reaction is ascribed to lactic acid or to

fatty acids. When an infant is fed on cow's milk the feces are paler,

firmer, and neutral or even alkaline in reaction owing to the decomposition

of casein.

Casein is always present, and may be present in large amount in the

stools of infants fed on cow's milk. Starch, recognised by the blue reaction

with iodine, or by the microscope, is always present if the infant is taking

a food containing starch, and is more abundant the younger the infant.

Eat is present as fat, fatty acids, or soaps. It must not be confused with

particles of casein.

B. Abnormalities in the Faeces.—(a) Abnormalities in the amount and
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consistence of the faeces depend chiefly on activity of peristalsis. If the

intestinal peristalsis is either too sluggish or too active the patient will

suffer from constipation in the one instance or from diarrhoea in the other.

The diet influences the amount and consistence of the fseces very greatly.

On a purely vegetable diet the total bulk of the faeces may be increased

to nearly three times, and the solid constituents to nearly twice the amount
resulting from an ordinary mixed diet.

(b) Colour.—The faeces may be pale or clay-coloured in any condition

which prevents the entrance of bile into the intestine. Such acholic stools

may contain an abundance of fat, chiefly in the form of the fatty acids.

Abundance of fat is more characteristically seen in cases where the pan-

creatic juice is absent. Depth of colour may be due to abundance of the

normal pigment, or to the nature of the diet (supra). The dark colour

of meconium is due to a mixture of bilirubin and biliverdin. When
haemorrhage occurs into the intestine, especially high up, the faeces become
black and tarry. A black colour may also be due to certain drugs, especially

iron and bismuth. Other drugs which may discolour the faeces are haema-

toxylin (logwood) ; rhubarb, senna, and santonin (yellow) ; calomel (green).

The green colour, after the administration of calomel, is due to biliverdin.

According to Le Sage the green colour of the stools of infants may in some
instances be due to the action of a chromogenic bacillus.

(c) Alterations in the odour of the faeces are common. Thus some of

the diarrhoeas of infancy are characterised by the presence of a sour odour

;

others by the occurrence of the very disagreeable odour due to albuminous

decomposition. Such a result may arise in the case of acholic stools owing

to the proteids being for a time enclosed in fats, and their digestion and
absorption hindered. Later the fats break up into fatty acids and glycerine,

and large quantities of indol and other decomposition products are then

set free by the breaking-up of the proteids.

(d) The reaction varies greatly in different pathological conditions, but

has not been found to be of clinical importance.

(e) Foreign todies may often be noticed in stools. Amongst these may
be mentioned

—

(1) Bodies swallowed, accidentally or purposely, especially by lunatics

or children.

(2) Indigestible articles of food (e.g. portions of tendons, skins, fruit stones).

(3) Undigested food (e.g. in lienteric diarrhoea).

(4) Mucin, which normally forms the basis of the faeces, may be present

in some pathological conditions in great abundance, especially in the con-

dition known as mucous colitis, where it may form skins, or flakes, or casts

of the bowel (see " Colon, Diseases of ").

(4) Pus may be present from ulceration of the bowel, or from the

rupture of an abscess into the intestine.

(5) Fat is very abundant in acholic stools, but a considerable amount may
be present when the diet is very rich in fat or oil. Concretions largely

composed of fatty acids have occasionally been produced as the result of

swallowing large quantities of oil.

(6) When Mood is present in the faeces it cannot always be recognised

as such, as the corpuscles are destroyed during its passage through the

bowel. Under such circumstances the presence of haematin may be

demonstrated by a spectroscopic examination, or by the production of

Teichmann's blood crystals (by diochloride of haematin), obtained by adding

to the substance containing blood a drop of glacial acetic acid and a crystal

of chloride of sodium.
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(7) Parasites.—The presence of intestinal parasites is recognised by the

passage of individuals or portions of them, or of their ova, in the faeces.

The description of these will be found in the article.

(8) Miscellaneous.—Under this heading may be mentioned gall-stones,

enteroliths, and concretions of various kinds, fragments of mucous membrane,
portions of tumours, even gangrenous portions of intestine from an
intussusception which has sloughed.

Gall-stones.—The examination of the faeces for gall-stones is important in all

cases of supposed gall-stone colic. The faeces should be carefully collected, broken
up in water, and strained as in examining for parasites. It must be remembered
that even when the symptoms have been very severe, the calculi may be very
small. The presence of facets upon the calculus is important as indicating the
presence of other stones. (See " Gail-Bladder.")

Intestinal Sand.—The occurrence of " sand " in the intestinal discharges is a rare
condition. Several varieties are recognised, of which the principal is the passage
of large numbers of very minute biliary calculi. In another form the grains are
composed of particles of vegetable sclerenchyma such as the little hard bodies so
abundant in the pulp of pears.

Quite recently a troublesome form of diarrhoea occurring amongst our troops at

Modder River, South Africa, has been attributed to the irritation of the bowel by
the quantity of sand swallowed during the prevalence of severe sand-storms.

The Faeces in Certain Diseases.—In a number of diseases the

fseces are more or less characteristically altered.

In typhoid fever the occurrence of intestinal symptoms is very incon-

stant. When diarrhoea is present the stools are usually copious, grayish-

yellow, and of the general consistence and appearance of pea-soup. The
severity of the diarrhoea is no gauge of the extent of the intestinal lesions.

Eberth's bacillus cannot usually be found in the stools before the end of

the first week.

In dysentery the stools vary considerably in different forms of the

disease. Commonly they are frequent, gelatinous, and bloody, and if the

disease has lasted for some time contain gray or brown shreddy material.

In amoebic dysentery the stools are characteristically fluid. They contain

much mucus and usually blood, and active amoebge may be found in them
on microscopic examination.

In simple ulcerative colitis diarrhoea is a prominent symptom, and the

disease is often wrongly regarded as a form of dysentery. The stools are

usually frequent, fluid, dark, and foul-smelling. They may contain mucus,

shreddy material, and blood which is usually red and fluid, and not

intimately mixed with the fseces. Pus, fragments of tissue, and blood are

the most valuable signs of intestinal ulceration.

In cholera the stools are spoken of as rice-water stools, from their

resemblance to water in which rice has been boiled. They are watery, pale,

alkaline in reaction, and have a specific gravity of from 1005 to 1010.

Before the period of reaction the comma bacillus may be found in pure

cultivation in shreds of mucus.
Choleraic diarrhoea occurs also in British cholera and in some forms of

irritant poisoning.

In inflammatory affections of the colon mucus may be very abundant

in the stools, fsecal matter being very scanty. Abundant mucus is specially

characteristic of membranous or mucous colitis.

Microscopical and Bacteriological Examination. — There is nothing
special in the methods required for the microscopical and bacteriological

examination of the faeces. Meconium consists of intestinal mucus, epithelial cells,

vernix caseosa, bile, hairs, fat-globules and cholesterin. Stains on cloth may be

recognised by the peculiar odour, and by the precipitation of mucin on adding
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acetic acid to a watery extract. In the milk-fceces of a suckling may be seen
epithelial cells, round cells, fat-globules and crystals, protein substance, mucin,
bacteria in great numbers, and occasionally yeast fungi. Fat is normally very
abundant in the stools of the infant. The proteids of breast milk are almost
entirely absorbed, but when the infant is fed on cow's milk the stools usually
contain a considerable quantity of undigested casein. Particles of casein in the
stools may be distinguished by the microscope from masses of fat. Starch
granules may be recognised if the food contains starch.

On an ordinary mixed diet the stools contain distinctly recognisable portions
of vegetable tissue, vegetable cells and woody fibres, starch cells, hairs, striped
muscular fibre, elastic and anolar tissue, fat chiefly in the form . of crystals, cells

and mucus derived from the intestinal tract, crystals of different kinds, innumer-
able micro-organisms, and debris of various origin.

The ova of intestinal parasites may have to be carefully searched for, but may
be present in enormous numbers. The continued presence of ova in the fseces

after the discharge of a worm indicates the presence in the bowel of other
specimens.

Micro-organisms.—At birth the entire alimentary tract is sterile, but within a
few hours organisms are present in the discharges. As long as the infant is fed at
the breast only two varieties of organisms are constantly present in the intestine.

Of these the bacterium lactis aerogenes lives in the upper part of the small
intestine, and appears only exceptionally in the fseces, while the other, the
bacterium coli commune, occurs in immense numbers in the colon and in the
fseces.

In the adult the fseces possess a very varid flora even in health. It has been
supposed by some that the acid gastric juice acts as an antiseptic barrier to the
passage of micro-organisms, but it appears that any of the numerous organisms
which occur in the mouth or in the sordes of the teeth may get into the intestine.

Several observers agree that many of the non-pathogenic bacilli and micrococci
are stained of a blue colour by an iodo-potassic iodide solution, a fact of some
importance in distinguishing them from pathogenic organisms which they may
resemble.

The bacterium coli commune is of particular interest because, although not
ordinarily pathogenic, it may under certain conditions become so. It closely

resembles the bacillus typhosus in many of its characters, but may be distinguished
by its growth upon potatoes, on which it produces a brown pellicle, while the
typhoid bacillus forms a translucent film. A closely allied organism belonging to

the coli group is the bacillus enteritidis (Gaertner)—possibly not a single species

—

to which have been attributed several outbreaks of diarrhoea and meat poisoning.
In typhoid fever the bacillus tyj)hosus cannot usually be found in the stools

before the ninth or tenth day of the fever. (The urine may also be examined for

this bacillus.) The bacillus tuberculosis may be found in the fseces, but its presence
is of no value for the diagnosis of intestinal tubercle, as it is so frequently
swallowed.

The comma bacillus can frequently be readily found by the direct examination
of choleraic stools. The stools should be examined as soon as possible. Some of

the choleraic material is spread on several slides, fixed by heat, and stained with
carbol-fuchsin. The bacilli are frequently found grouped in little masses, in which
the individuals all lie in the same direction, like " a shoal of fish." Cultivations
should also be made (in alkaline bouillon).

Amcebos are very numerous in the fseces in cases of tropical dysentery (amoebic

dysentery). The stool should be examined as soon as passed, preferably on the
hot stage ; or films may be made, fixed with corrosive sublimate, and stained ; or

portions of the discharge may be fixed and hardened with corrosive sublimate, and
cut into sections by the paraffin method.

The Chemical Examination.—The chemical examination of the fseces is under-
taken chiefly in connection with experiments on metabolism to ascertain the
amount of nitrogen and of fat excreted. Nitrogen is taken as the index of proteid
katabolism. It is eliminated chiefly by the kidney as urea and uric acid. The
total amount of nitrogen contained in the fseces is estimated and added to that
eliminated by the urine.

Fat is usually estimated by counting as fat whatever can be extracted from the
faeces by ether.

The constitution of the fseces is highly complex and variable, and tables of

quantitative composition are of but little value. Among important substances
occurring in the fseces may be mentioned :

—
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(a) Albuminoids (collagen, chondrin, keratin, etc.) Normally the stools give no
proteid reaction, but albumins may be present in considerable quantity in some
forms of diarrhoea, and in cases where the diet contains an excessive amount of

milk or cheese.

(6) Mucin may be said to form the basis of normal faeces, and in some patho-
logical conditions is very abundant.

(c) Peptones, although probably absent from normal faeces, may appear in many
pathological conditions, e.g. in the acholic stools of jaundice.

(d) Carbohydrates are almost completely absorbed, except when the diet contains
considerable quantities of green vegetables or pulses. The stools of young infants

who are being fed on a starchy food may contain considerable quantities of starch.

(e) Urea.

(/) Fat is almost completely absorbed from an ordinary mixed diet. It may be
abundant when in excess in the diet, or when the pancreatic juice or the bile is

absent. The stools may contain fat or oil, salts of the fatty acids, volatile fatty

acids (acetic, butyric).

(g) Aromatic substances derived from the decomposition of proteids (phenol,

indol, skatol, etc.)

(h) Bile acids.

(i) Pigments.—Stercobilin (hydrobilirubin). Blood pigments and derivatives

:

haematin, haernatoidin (rare), ferrous sulphide. Bile pigment (not in normal faeces

except in children).

(J) Cholesterin.

(k) Excretin, a crystalline body described by Marcet.
(I) Mineral salts derived from the food, especially salts of the alkaline

earths.

Methods op Chemical Examination.—The method of carrying out a chemical
examination of the faeces can only be indicated very briefly :

—

1. The faeces are to be weighed, then mixed thoroughly with water.

2. Distil off one-third of the volume of the fluid obtained. The distillate is

then to be examined for phenol, indol, skatol, and free fatty acids.

3. The residue left in the flask is evaporated, acidified with sulphuric acid,

extracted with alcohol, and then with ether, and filtered. The extract contains

fatty acids, fats, cholesterin, bile acids, sometimes glucosides, and colouring

matter.
4. The residue left after extraction contains keratin, elastin, mucin, nuclein,

cellulose, starch, and gummy substances. Should haematin be present it will be
extracted by the acid, alcohol, and ether, and can be examined spectroscopically.

(See Hoppe-Seyler's Handbuch.)

F^ces, Incontinence of.—This term may be applied to any condition

in which the contents of the rectum are discharged involuntarily, but a

careful distinction must be drawn between those cases where the lumbar

centre which controls the sphincter ani is intact, the lesion being at a

higher level, and those where it has been destroyed (see vol. ii. p. 562). The

distinction can be readily made by passing the finger into the rectum. If

the lumbar centre is intact the sphincter will be felt contracting on the

finger. In these cases involuntary discharge of faeces only takes place

when the contents of the rectum accumulate sufficiently to overcome the

sphincter.

When the lumbar centre is paralysed the sphincter offers no resistance

to evacuation of the rectum, but in this case also the discharge will take place

only at intervals whose frequency will depend on the activity of peristalsis.

Incontinence of fasces may also occur in coma, in the typhoid state, and

in conditions of extreme exhaustion. It may result from certain operations,

temporarily after stretching the sphincter, permanently after removal of the

rectum and the sphincter for malignant disease. Permanent incontinence

has accidentally resulted from excision of piles. In highly nervous children

a form of incontinence, associated with great feebleness of the sphincter, is

met with. These cases are very rare.

Treatment.—In most cases the only treatment possible is careful atten-

tion to cleanliness. Special care should be taken to guard the patient from
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attacks of diarrhoea. If the patient is able to go about some sort of retentive

apparatus must be worn.

In the form mentioned as occurring in nervous children, ergot given by
the mouth and in suppository has been found successful by Fowler (New
York). If this should fail Holt recommends the local injection of

strychnine.

LITERATURE.—1. Mum and Ritchie. Manual of Bacteriology (1899).—2. Schafer. Text-
Book of Physiology, vol. i. (1898).—3. Hammersten. Lehrbuch der phys. Chemie.— 4. Hoppe-
Seyler. Handbuch. — 5. Heim. Lehrbuch der Bakteriologie. — 6. Von Jaksch. Clinical
Methods, etc., etc.

Fallopian Tubes.
Injuries ....
Malformations .

Diseases—
Atrophy and Hypertrophy
Patency—Foreign Bodies
Hernia....
Inflammation

Varieties

See also Broad Ligaments.

Anatomy of the Fallopian Tubes.—The tubes are developed from Muller's ducts,
and are therefore to be classed with the uterus. The outer extremity of each
duct splits and opens into the peritoneal cavity, so as to form the ostium. The
inner limits of the tube are at the corresponding uterine corner, the tubal canal
passing through the uterine walls to open into the uterine cavity. There is

occasionally a diverticulum in this " interstitial " portion of the Fallopian tube.
Between the corner and the outer third of the tube is its " isthmus," whilst the
outer third itself forms the "ampulla." These three terms are much used in
reference to tubal gestation.

The broad ligament is reflected over the upper border of the tube so as to make
a true mesentery (" mesosalpinx," see " Broad Ligament, Diseases of "). The peri-

toneum forms the serous coat of the tube, but does not invest it inferiorly, so that
the muscular coat comes in contact with the connective tissue in the mesosalpinx.
Hence in tubal pregnancy the fetal sac may rupture into the tissue without
tearing through peritoneum. The middle coat of the tube is made up of plain

muscle-cells, circular in its deeper and longitudinal in its outer layers. These
layers are well and regularly developed in healthy young women, whilst in
chronic inflammation, with or without obstruction, they sometimes undergo
partial and very irregular hypertrophy. When a foetus develops in the tube the
muscular coat never undergoes the uniform evolution which occurs in the uterine
walls in normal pregnancy ; it always thins and yields, or else expels its contents
very early. The inner coat of the tube is its mucous membrane ; there is a con-

siderable amount of submucous connective tissue with large vessels, and sometimes
a little fat. The mucous membrane is raised into numerous longitudinal folds or
" plicpe," often bifid. They end by protruding at the " ostium " as the " fimbriae "

;

one fimbria, the " ovariam," runs on to the ovary. The epithelium is columnar
and ciliated.

Physiology of the Fallopian Tubes.—The cilia of the tubal epithelium wave from
the ostium towards the uterus, and it must be remembered that the cilia of the
uterine epithelium wave in the same direction, that is, from the fundus towards
the cervix (Hofmeier, Mandl), contrary to what was once thought. Authorities

are not quite sure as to the precise changes which occur in the tube throughout
the menstrual cycle. The development of traces of decidual tissue under the
mucosa in pregnancy seems to be an abnormal or pathological condition

;

Clarence Webster holds that it is the immediate cause of tubal pregnancy, the
impregnated ovum settling on the abnormal decidua, and developing as in the

uterus.

The tube certainly transmits the ovum. The theory that the ovum is never
normally impregnated until it has left the tube and enters the uterus seems based
on an assumption. Spermatozoa enter the tube normally ; indeed they have been
found in the human Fallopian tube. The downward movement of the cilia do
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not prevent them from passing up the tube. Impregnation, it would appear,
may take place at any point between the ovary and the uterus. The oosperm or
impregnated ovum may settle on any point of a perfectly healthy tubal mucosa -

putting aside the decidua question, noted above, as unsettled, the theory that the
oosperm, arrested in the tube, cannot develop except where the epithelium has
been destroyed by inflammation (Lawson-Tait) is an error. Pregnancy may occur
in an imperfectly developed uterine cornu, bearing of necessity a Fallopian tube
with a normal canal, but cut off from the canal of the cervix. It is clear that in
that case the impregnating sperm-cell must have passed along the cavity of the
opposite cornu, and then entered the opposite tube and impregnated an ovum in

the opposite ovary (transmigration of ovum), or some believe that the sperm-cell
may reach the ovary on the side of the undeveloped cornu, and manage to im-
pregnate one of its ova. This idea seems very theoretical. For further informa-
tion on abnormal impregnation the articles on " Malformation of the Uterus " and
" Extra-uterine Pregnancy " should be consulted.

Injuries of the Tubes.—If the Fallopian tube be severed without injury

to the structures in its immediate neighbourhood the danger from haemor-

rhage is trifling, whilst there is always risk of at least local infection from
the tubal mucous membrane. A surgical wound inflicted in an uncom-
plicated ovariotomy usually heals well as the tubal mucosa is healthy. On
the other hand, after the removal of a suppurating tube, unhealthy mucous
membrane is exposed on the cut surface of the tube. Hence troublesome

adhesions to intestine, or abscess, may develop around the stump. To avoid

such complications suspicious mucosa should be touched with pure tincture

of iodine or a crystal of carbolic acid. In a few cases the present writer

has treated a suspicious tube like an inflamed appendix. The serous and
muscular coats are cut through, and then the mucosa is divided closer to the

uterine cornu. The cut edges of the outer coats are, lastly, united with

sutures so as to close the raw surface. Unfortunately the tissues of the

tube are often in such cases too friable and soft to allow of this manoeuvre.

Malformation of the Fallopian Tube.— One tube is sometimes
absent, but in uterus unicornis it is often found almost perfect on the side

where one cornu of the uterus is suppressed. Sometimes a perfect tube

opens into a pregnant cornu which does not communicate with the cervix,

so that sperm-cells or fertilised ova must have passed from the opposite

appendages. Accessory tubes, with or without a pervious canal, are not

rarely seen hanging from the upper or lateral aspect of the Fallopian tube

;

they bear rudimentary fimbriae. Pedunculated bodies with fimbriae, but no
canal, sometimes sprout from the mesosalpinx. Kossmann not only insists

that they are of Mullerian origin, that is to say, tubal, but also that

papillary tumours of the broad ligament are derived from them and not

from the parovarium. An accessory ostium, with large fimbriae and a short

canal opening into the tubal canal, is a conspicuous object often reported

and figured. It may explain some of the phenomena of ectopic gestation,

but precise data are wanting. Tubal pregnancy and cases where transmigra-

tion of ova must have occurred seem rarely associated with accessory ostia.

Atrophy.—The normal senile changes in the tube described by Ballan-

tyne and "Williams and by Schnaper may set in prematurely. General

atrophy is seen in wasting diseases. A segment of the tube may atrophy

when involved in the torsion of an ovarian pedicle, or in chronic perimetritis

when a tough band has pressed on it for some time. Under both these

conditions the tube may be completely severed. The familiar stretching of

the tube over a large broad ligament cyst does not necessarily involve

atrophy. If after enucleation the operator leaves the capsule, the tube at

once shrinks and may resume its functions.

Hypertrophy.—This condition is seen in pregnancy and often in
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association with uterine myoma. It must be distinguished from oedema

frequent when the tube is attached to a malignant or inflamed ovarian

tumour.
Patency and Foreign Bodies.—Something will be said on the former

subject under " Catheterism of the Tube." Needles and other foreign bodies

have entered the tubal canal. Tubal calculus is a result of salpingitis.

Cullen's specimen was one inch in length and S-shaped.

Hernia of the Fallopian Tube.—The tube alone has been found in a

hernial sac. This condition probably represents the first stage in ovarian

hernia, as Wiart detected it in the body of an infant aged six months, and
a second very similar case has been reported. Wiart found that the tube

was invested with a mesentery simply derived from the sac itself. In other

cases carefully described the tube lay in the sac, but otherwise independent

of it, the mesosalpinx having been dragged out of the abdominal cavity with,

the tube. Over a dozen cases of inguinal tubal hernia have been collected.

Boudin reports a case of strangulated femoral " salpingocele." The patient,

aged 50, had been subject to femoral hernia for five years. It suddenly

became painful, without vomiting or other gastro-intestinal symptoms.

Jaboulay of Lyons operated. The Fallopian tube was found strangulated

by the neck of the sac, which did not contain either the ovary or any other

structure. In Boeckel's case, where a radical operation for the cure of

inguinal hernia was performed on a reputed male, a bicornute uterus was
found in the sac with a true Fallopian tube and a genital gland which

proved on microscopical examination to be a testicle. This case recalls

another recorded by Dr. Thomas Chambers, where a reputed female under-

went operation for double inguinal hernia. Two bodies like ovaries were

removed, but they proved to be ill-developed testes. There is no notice of

any Fallopian tube. Esmarch and others have had similar experiences.

For further details see " Ovarian Hernia." The tube does not always follow

the ovary into a hernial sac.

Inflammation: Salpingitis.—This disease is closely associated with

perimetritis and inflammation of the ovary. When most clearly " primary
"

it arises from infection of the mucous membrane derived from the lower

part of the genital tract. Hence salpingitis is often seen as a late com-

plication of abortion, labour, and gonorrhoea. In the virgin, salpingitis is

sometimes distinctly associated with tubercle ; indeed tuberculous disease of

the tube has been detected in infancy. But it is reasonable to suppose that

chronic leucorrhcea in a sickly or uncleanly subject may end in infection of

the tube.

Varieties of Salpingitis.—The classification of the varieties of this

disease is of necessity highly artificial. But the forms of salpingitis present

confusing variations. Hence some kind of arrangement of the different

types of inflammation of the tubes is necessary and convenient.

Bacteriological Classification.—Salpingitis cannot be safely classified

according to the microbe that causes or is supposed to cause it. Authorities

on bacteriology are by no means agreed as to the part which germs play in

diseases of the genital tract. Actinomycosis of the tube may, however, be

set apart as essentially a salpingitis caused by a specific organism. In

Zeeman's case the right tube was converted into a sac as thick as a finger,

full of pus and lined with granulation tissue containing actinomyces.

Classification in relation to Pelvic Inflammation.—Salpingitis is, of

course, one of the forms of pelvic inflammation. It has little or nothing to

do with parametritis (cellulitis), is often closely associated with ovarian

inflammation, and is still more nearly related to perimetritis (pelvic peri-
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tonitis). Nevertheless salpingitis appears in different forms which demand
special classification. The relation of salpingitis to the more general types
of pelvic inflammation will be found described under the proper headings.

Classification according to the Patency or Obstruction of the Tubal
Canal.—This is the most convenient classification of sal] 'ngitis. It is open
to one great objection, for hydrosalpinx is sometimes called by occlusion of

the ostium from without, as will be shown, and may probably develop without
any essentially inflammatory changes in the tube. NeverL 3less it remains
the most convenient and scientific method of classification, especially when
the varieties are placed in the following order :

—

(i.) Canal of Tube Unobstructed.—A. Catarrhal salpingitis. B. Purulent
salpingitis.

(ii.) Canal of Tube Obstructed.— A. Hydrosalpinx. B. Pyosalpinx.

C. Hematosalpinx. D. Cystic salpingo-oophoritis, or inflammatory tubo-

ovarian cyst.

Catarrhal Salpingitis.— In this very distinct disease changes are

observed in the mucosa such as are familiar to the pathologist in catarrhal

affections of other mucous membranes. The epithelium is shed, but not

destroyed ; the subepithelial tissue becomes infiltrated. The muscular coat

is also the seat of inflammatory exudation, but in chronic cases it hyper-

trophies. The serous coat usually participates in the inflammatory
thickening, yet it is sometimes seen thin and not adherent to the muscular
tissue of the tube. When thickened, the change may be due to peritonitis

from elsewhere. In recent salpingitis mucus is found in the tubal canal,

and may be seen issuing from the ostium. This escape of inflammatory
mucus does not necessarily cause peritonitis, as catarrhal salpingitis is rarely

if ever septic. In consequence of the infiltration into its tissues the tube

is elongated, but being confined in the folds of the mesosalpinx which it

does not stretch it usually becomes tortuous. This appearance is character-

istic of salpingitis without obstruction, and contrasts strongly with the

stretching of the tube and the mesosalpinx over parovarian cysts and with
the opening up of the mesosalpinx by the tube when the latter is dilated

and obstructed. In chronic catarrhal salpingitis the tortuous walls of the

tube become very tough through sclerotic changes. Sometimes earthy salts

are deposited in the submucous tissue so that the tube feels gritty. In
securing an ovarian pedicle where the tube is affected in this manner the

ligature is apt to cut through its brittle walls. The accumulation of mucus
in the canal sometimes causes internal obstruction of the tube. Earth salts

mixing up with the inspissated mucus a tubal calculus is formed. As in

chronic cases the hypertrophy of the muscular coat is never uniform, the

tube seems knotty. The edges of the plicae of the thickened mucous
membrane often unite, enclosing spaces lined with epithelium. Sometimes
warty growths develop on the surface of the mucous membrane. As a rule

they are minute and sparse ; but in rarer cases they develop into exuberant

masses which take on the characters of a papillomatous tumour essentially

innocent though liable after a time to undergo malignant degeneration.

Catarrhal salpingitis may continue for a long period without assuming the

suppurative type of the same disease.

Purulent salpingitis is sometimes a late stage of catarrhal inflammation,

but may without doubt be primary, the discharge being purulent from the

first. It may also continue indefinitely without any obstruction of the

ostium. On separating inflamed appendages from old perimetritic adhesions

it is not rare to see muco-pus exude from the perfectly open abdominal

ostium of the tube. In short, purulent salpingitis is not to be looked upon
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as necessarily the first stage of pyosalpinx. In purulent salpingitis the

epithelium is freely destroyed and. replaced by granulation tissue. This

destructive process is, however, seldom complete, as wide tracts of epithelium

are often detected in very chronic cases. The plicse tend, even more than

in catarrhal salpingitis, to unite at their edges and enclose cavities bearing

the tubal epithelium. Small-celled infiltration of the subepithelial con-

nective tissue, moderate in the catarrhal form, is marked in suppurative

inflammation of the tube.

Closure of the Ostium.
—"Want of space forbids us to dwell on the more

minute pathological changes observed, in salpingitis, though it will be

presently explained how names have been bestowed on sub-varieties of

salpingitis where one particular change predominates. But the mechanism
by which the abdominal ostium is closed must be clearly understood. For
long it has been believed that hydrosalpinx and pyosalpinx were simply the

later stages of salpingitis without obstruction. Eecent observations tend to

prove that either condition may be primary. The ostium is obstructed in

two different ways. The fimbrise may be sealed up from without (peri-

metritic closure). On the other hand, the ostium may be closed from

within by thickening of the mucous and muscular coats around it, they

unite over the thickened and shortened fimbriae (salpingitic closure). This

is the manner by which the tube becomes closed in salpingitis. The uterine

end of the tube is blocked partly by thickening of the mucous membrane,
partly through kinking of the tube against its uterine attachment, or

through the pressure of inflammatory adhesions from without.

Hydrosalpinx (dropsy of the tube, sactosalpinx serosa) signifies dilata-

tion of the distended tube by a non-purulent fluid other than blood. In
some instances it undoubtedly arises from salpingitic closure of the ostium,

in other words, as the direct result of salpingitis according to the older

theory. In cases of perimetritic closure of the ostium, on the other hand,

hydrosalpinx may be primary as far as the tube is concerned, and often not

a trace of inflammatory change can be detected in the mucous or muscular

coat. The tube dilates greatly, and assumes the form of a retort ; as it

dilates it opens up the mesosalpinx till it touches the ovary. The epithelium

is not destroyed, but becomes fiat, losing its cilia. Any form of hydrosalpinx

may be infected, usually through intestinal adhesions. Primary hydrosalpinx

is often associated with uterine myoma from pressure effects and irritation

of the peritoneum, and is then apt to suppurate. A large hydrosalpinx is

often mistaken for a tubo-ovarian cyst, as will be explained. Bland-Sutton

believes that hydrosalpinx represents an old pyosalpinx, on the ground that

hydrosalpinx is sometimes found in one tube and pyosalpinx in the other,

but Menge points out that pus can inspissate, but never changes into a

serous fluid, whilst the structure of the wall of a hydrosalpinx often shows

that it could not have been the seat of suppuration. Catarrhal salpingitis

in one tube and purulent salpingitis in its fellow are not unknown ; should

the catarrhal tube undergo perimetritic closure, the consequent hydrosalpinx

might be mistaken for the product of a pyosalpinx.

Pyosalpinx (sactosalpinx purulenta) signifies the dilatation of an
obstructed tube by pus. It is a fairly definite disease, and is seen as an
almost primary condition. Purulent salpingitis setting in, speedy salpingitic

closure of the ostium occurs, the tube then becomes dilated by accumulation

of pus in its canal. This pus may be virulent at first, losing its germs after

a time, and then it may become reinfected through intestine. Pyosalpinx

proper frequently follows childbed and abortion, then it is usually associated

with widespread perimetritis, and even the mesosalpinx may become infil-

vol. in 28
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trated. It is this variety of pyosalpinx that is specially liable to burst into

intestine or bladder. There is also a distinct gonorrhoeal pyosalpinx, with less

marked general but as much local change. The infection of a primary

hydrosalpinx with pus-producing germs is quite probable. In pyosalpinx,

as in unobstructed purulent salpingitis, the tubal epithelium is not always

destroyed.

Systematic writers describe several forms of salpingitis according to the

preponderance of some particular pathological change. In salpingitis inter-

stitialis or diffusa there is great hypertrophy of the subepithelial connective

tissue, which tends to cause sclerosis of the tube, a common ending of chronic

salpingitis, especially in tuberculous disease. Salpingitis pseudo-follicularis

signifies that the fusion of the edges of the plicae has advanced to an
extreme degree. Very large spaces are thus shut in, and the tubal

epithelium still lines them ; on section they appear bike cysts and irregularly-

shaped follicles. When this condition is associated with "interstitial

salpingitis," the term salpingitis chronica productiva vegetans is used by
some authors. When warty growths develop as part of the inflammatory

process this condition is distinguished by Macrez as endosalpingitis papillo-

matosa. The warts may assume the characters of a papilloma. Marked
and unusually uniform hypertrophy of the muscular coat in chronic

salpingitis has been ranked as the sub-variety myosalpingitis productiva,

and is always associated with the " interstitial " form. Chiari's remarkable

salpingitis isthmica nodosa represents an opposite condition, where the

hypertrophy of the muscular coat has been more than usually irregular.

Circumscribed areas of hypertrophied or hyperplastic muscular tissue form

swellings, sometimes as big as a hemp-seed, in the walls of the tube towards

its uterine attachment. They contain cyst-like spaces lined with tubal

epithelium, probably involutions of the mucosa. The swellings have been

taken for an incipient myoma of the tube.

Hematosalpinx and Haemorrhagesfrom the Tube.—The great majority

of cases of haemorrhage either into the tube or out of its ostium are due to

ectopic gestation. The pregnant tube may rupture or may eject the ovum
with much haemorrhage from the ostium (tubal abortion). When the

gestation is thus interrupted very early in pregnancy the ovum and pro-

ducts of conception may be overlooked, and the haemorrhage attributed to

some other cause.

The so-called "spontaneous" haemorrhages from the tube are rare.

Bleeding due to hyperaemia of the mucosa in menstruation, in haemophilia,

and in several well-known acute infectious disorders, is not unknown. It

seems doubtful whether blood derived from an unobstructed uterus often

escapes through the tubes into the peritoneum, but some pathological pre-

parations appear to prove that such an accident is possible (W. S. A. Griffith,

author). Pozzi, at an operation, observed " salpingorrhagia."

By " haematosalpinx " bleeding into an obstructed tube, independent of

ectopic gestation, is understood. The causes are—gynatresiae, torsion of an

obstructed tube, haemorrhage into a hydrosalpinx or pyosalpinx, and
haemorrhage from a cancer of the tube.

The haematosalpinx associated with haematometra is a very definite and

exceedingly grave condition. It almost always, if not always, implies that

the atresia is acquired and not due to congenital malformation (Kleinhans),

and the blood in the tubes is full of septic germs, at least when first shed.

The consequent danger is well known.
Torsion of the tube in association with a tumour or inflammation is

liable to cause haemorrhage into the tubal walls, but much blood may also
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escape into the canal, and as that is obstructed a hematosalpinx develops.

A " blood tube " of this class has been observed when the opposite tube was
the seat of ectopic pregnancy.

Haemorrhage sometimes occurs in the cavity of a hydrosalpinx. This

may be termed " haematosalpinx " proper, or " sacrosalpinx haemorrhagica,"

though Martin, who coined the term, applies it to nearly every form of

haematosalpinx. The source of the blood has been much disputed. Some
authorities think that hyperaemia of the mucosa, or straining, or local

injury, sufficiently accounts for it. Others trace it to a physiological tubal

menstruation ; if so, they still fail to explain why haematosalpinx proper is

so rare, whilst hydrosalpinx, guiltless of a drop of blood, is so frequent.

Others believe the blood is derived from the uterus—the " reflex " theory

still accepted by Olshausen, Sanger, and other living authorities. Alto-

gether the first theory seems most in accordance with the experience of

operators. Bleeding may certainly occur into a pyosalpinx. Unusually

free bleeding of a ruptured Graafian follicle into the ostium of the tube is

rare.

In a case of cancer of the tube described by the author, the growth had
bled freely into the cavity of tube, which contained large clots.

Hsematosalpinx remains, on the whole, an obscure subject deserving

further precise study. Winternitz has recently written a good treatise on

pelvic haematocele, where this question of haemorrhage from the tube,

independent of ectopic gestation, is duly considered.

Tubo-ovarian Cyst.—This term is meant to signify a cyst of the ovary

communicating with a hydrosalpinx. It has fascinated many workers. In

the author's opinion the greater number of cysts so called are not ovarian

at all. This class of cyst may conveniently be divided into (1) pseudo-

tubo-ovarian cysts, the commonest kind; (2) inflammatory tubo-ovarian

cysts; and (3) Bland-Sutton's teratological tubo-ovarian cysts or ovarian

hydrocele.

Pseudo-tubo-ovarian Cysts.—In many museums fine preparations of

"tubo-ovarian cyst" may be seen. The tube seems to open into a big

cavity bent underneath it at a very acute angle. Fimbriae appear to

expand around the orifice of the tube and to float in the cavity of the cyst.

The wall of the cyst bears on its inner side, towards the uterus, more or

less ovarian tissue connected with the uterus by the ovarian ligament.

Careful inspection of a series of such specimens shows, however, that the

ovary is not cystic at all. The cyst is a large hydrosalpinx. The outer

half has become sharply bent under the uterine half of the tube, and greatly

distended, so that its plicae are effaced, though traces of them may often be

detected on careful inspection. The plicae of the uterine half, which is less

distended, project around the orifice communicating with the dilated portion,

assuming the appearance of fimbriae as they float in the fluid contents.

These " fimbriae," however, can sometimes be tracked along the inner wall

of the dilated portion, where they are flattened by pressure, especially if the

cystic tube be laid freely open, so as to remove the pressure which stretches

out the mucosa. The ovary is not really part of the cyst, but has become

adherent to it, and then flattened out between it and the uterus.

(2) Inflammatory Tubo-ovarian Cysts.—In chronic inflammation of the

tube and ovary cystic degeneration of the latter is frequent, the cysts being

probably dilated follicles which cannot burst externally. Hydrosalpinx

and pyosalpinx being exceedingly common under the circumstances, it is

not surprising that the cystic tube may communicate with the cystic ovary.

The mesosalpinx is always opened up when a cystic tube is large, so that the
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tube lies in the closest contact with the ovary. G-ottschalk has described a

case where the ovary was converted into a unilocular cyst, whilst the

fimbrige of an elongated and dilated tube opened into the cavity of that cyst.

It is possible that this case should be placed under the pseudo-tubo-ovarian

cysts above described. In bad cases of pyosalpinx the suppurating tube

sometimes communicates with a suppurating cystic cavity in the ovary.

The infection may be simultaneous, derived from intestine or elsewhere, or

the tube may have suppurated first ; that is to say, a pyosalpinx may burst

into the cyst in the ovary. But these cases are very rare, so that it is

difficult to draw safe conclusions about infection, and we must distrust

second-hand reports, so easy is it to mistake a dilated tube for a tubo-ovarian

cyst.

Hydrosalpinx communicating with a true ovarian cystic tumour should

come under the same class, as it seems to imply inflammatory change even if

only affecting the tube. This condition has been reported ; not only more
than one glandular cystoma (01shausen,etc), but also a papillomatous cystoma
(Terrillon), have been seen communicating with a hydrosalpinx. Such
specimens are rare, firstly, because in ovarian cystic disease the tube and
mesosalpinx usually escape inflammation ; and, secondly, because when a

hydrosalpinx comes to lie on the surface of an ovarian cystic tumour, the walls

of the latter are usually thick, and the chances of perforation at the point of

contact small. The author has observed several specimens of this condition

in his own practice, and in all there was no trace of thinning of either the

tubal or the ovarian walls where they adhered. When the tube and the

ovarian cyst actually communicate, the latter may discharge externally

through the tube and uterus {Hydrops ovarii profiuens, Hildebrand and
others).

(3) Ovarian Hydrocele.—Bland-Sutton distinguishes a special variety of

tubo-ovarian cyst which is congenital and in no way due to previous

inflammation. He goes so far as to make his variety into a separate class,

saying that " ovarian hydroceles must not be confounded with tubo-ovarian

cysts." In ovarian hydrocele the tube, it is asserted, opens into a recess on
the posterior surface of the mesosalpinx known as the " ovarian sac." This

recess is a mere pit in the normal mesosalpinx in women, but in " ovarian

hydrocele " it is a perfect pouch as in some rodents, and Sutton supports his

theory, which is fully demonstrated in his work on Surgical Diseases of the

Ovaries and Fallopian Tubes, by showing that intermediate degrees of

development of the ovarian sac are to be found in other mammals. The
ovary projects into the sac. Ovarian hydrocele is certainly a rare condition,

many alleged specimens being, in the author's opinion, pseudo-tubo-ovarian

cysts ; the observer falling into a natural error, explained above, about the

fimbriated extremity.

Hydrops tubce profiuens.—Free discharge from the uterus and coinci-

dent disappearance of a swelling on one side of the uterus have been

observed by authorities of a past generation. The disappearance of a pelvic

swelling is a necessary factor as proof of this condition, for in pure uterine

catarrh a steady discharge of watery serous fluid is sometimes observed, and

at times it may suddenly escape in considerable abundance. The swelling

which disappears may, again, be in part a cystic ovary (Hydrops ovarii

profiuens : see paragraphs on Tubo-ovarian Cysts) communicating with the

tube. In Doleris's case of papilloma of the tube, where the ostium was

closed and the uterine end open and dilated, as proved at the operation,

great quantities of fluid came away ; in short, this is one of the best-attested

instances of Hydrops tubse profiuens. A pyosalpinx may undoubtedly
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discharge into the uterus. The author knows of a case where there was a

swelling on each side of the uterus, with occasional fever. Operation was
declined, and ultimately much pus escaped for weeks from the uterus, the

swelling vanishing.

Symptoms and Diagnosis of the Different Forms of Salpingitis and allied

TubalAffections.—Salpingitis conies within the range of the class of disorder

known generally as " perimetritis " and " diseases of the uterine appendages,"

and is closely associated with inflammation of the ovary. The general pelvic

symptoms will be found described under pelvic inflammation (see " Pelvis ").

An inflamed, unobstructed.tube can be felt on bimanual palpation, unless the

patient be very fat, but the localising to the tube of any pain that may be

present is not possible, nor is it probable that the tube is very tender. The
pain probably signifies inflammation or sympathetic irritation of the ovary.

In chronic salpingitis, where a history of long-standing pelvic disorder is

rarely absent, the tough, tortuous tube is often easy to detect on palpation.

Inflamed tubes may certainly discharge into the uterus, but the source, of

the discharge can rarely be determined in any particular case.

Hydrosalpinx and pyosalpinx are clinically far more definite disorders.

When there is evidence of past or present acute or chronic pelvic inflamma-

tion, the presence of a fluctuating swelling in the posterior or in one lateral

fornix usually signifies the presence of an obstructed and dilated tube.

The tube is always tender and fixed, or but little movable. As under both

circumstances there is a history of pelvic inflammation, it is nob possible to

decide whether a hydrosalpinx has developed from salpingitis or from pelvic

peritonitis sealing up a healthy tube. The author finds that the latter

form, detected at operation, is often exceedingly painful, causing more
suffering than is seen in bad cases of bilateral pyosalpinx. Indeed clinical

evidence is not always sufficient to distinguish hydrosalpinx from

pyosalpinx. High temperature may exist with hydrosalpinx owing to

inflammation in the neighbourhood, and, on the other hand, a chronic

pyosalpinx is frequently all but painless, and not accompanied by fever. One
feature in all forms of dilated tube is a tendency to empty some of the

fluid contents into the uterus, so that the swelling becomes smaller and less

tense and painful for a time. But conspicuous hydrops profluens is rare

and fluid discharges may be uterine. Hydrosalpinx and pyosalpinx cannot

always be distinguished from a small ovarian tumour bound down by
adhesions in Douglas's pouch. A careful use of the sound will distinguish

the fundus of a retroflexed uterus from a dilated tube in Douglas's pouch.

The diagnosis of a dilated tube from tubal gestation is not always easy.

Clinical symptoms are confusing, menorrhagia is frequent in tubal as in

ovarian disease, and a sharp, recurrent attack of inflammation is, on the

other hand, not rarely associated with cessation of menstruation for

many weeks.

Hydrosalpinx and tubo-ovarian cysts often run a very chronic course,

they may project into the hypogastrium and iliac fossa, but never steadily

increase after the fashion of an ovarian or broad ligament cyst. They are

nearly always associated with occasional or frequent attacks of pelvic

inflammation, and are very prone to suppurate, especially if adherent to

intestine or vermiform appendix.

Most probably the uncertain symptoms associated with pyosalpinx arise

from the presence or absence of more or less septic germs in the purulent

contents. The most virulent bacilli in acute cases die out if the patient

recovers; the gonococcus is also of feeble vitality, and never appears to

propagate itself in the tube. Hence a woman may go about for years
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with a pyosalpinx ; but it is always liable to become septic from rein-

fection. Tree discharge of pus from the bowel, where the physical symptoms
of dilated tube (and not of parametritis) have been detected, is very strong

evidence of pyosalpinx. Fatal rupture of a pyosalpinx into the peritoneum

is very rare, as the tube is generally cut off from the general peritoneal

cavity by old adhesions. The most experienced gynaecologists, we must
remember, all admit that accurate diagnosis of the different forms of pelvic

inflammation is seldom easy.

Treatment of the Different Forms of Salpingitis and Allied Tubal

Diseases.—Salpingitis without obstruction, diagnosed on reasonable grounds,

is to be held as a form of perimetritis, and should be treated as such (see

Pelvic Inflammation). Eest, vaginal douching, and saline purgatives rarely

fail to prove beneficial in a first and acute attack. The chronic forms are

always accompanied by the more familiar features of chronic perimetritis,

such as constant dull pains in the iliac fossae and occasional attacks

of sharper pain. Eest in bed, douching, etc., make an invalid of the

patient; she becomes less able to bear the pain from which she already

suffers, and grows all the more exposed to recurrences, being constitutionally

weaker. When a venereal taint is suspected mercury and iodides seem of

service even when the infection is gonorrhceal. This may account for the

good results once claimed for these drugs in the treatment of " congestion

of the womb." Taylor of Birmingham has recently spoken in strong

support of this medical treatment of suspicious salpingitis, but rightly

reminds us that the peritoneal adhesions around the tube are not essentially

specific. Indeed, such adhesions cannot be dissolved by physic, and as they

are well known to be almost constant and the chief cause of pain there is

much scepticism about the value of any drug in the treatment of sal-

pingitis. Deliberate operative interference for purely unobstructive

salpingitis is not justifiable. But when in the course of an operation a

tube is found bound down by adhesions they should be gently separated

if possible. This can be safely done if the tube simply adheres to the

ovary, to the back of its own mesosalpinx, or to the peritoneum of Douglas's

pouch, but adhesions to any part of the intestine are dangerous to meddle

with unless quite soft. Omental adhesions are very common and a definite

source of discomfort ; they should always be separated. The perfect relief

which not rarely follows an "exploratory" operation on the appendages

is certainly due in many cases to the accidental or intentional separation

of adhesions, especially omental adhesions.

The treatment of hydrosalpinx and pyosalpinx involves grave considera-

tions. There can be no doubt that both hydrosalpinx and pyosalpinx may
subside entirely under rest and appropriate medication. They appear to

empty themselves slowly, the escape of pus has been frequently observed.

If, on the other hand, the patient takes no care of herself the morbid

processes advance, the obstruction increases, and with it the pain from

tension on the tubal walls. Catheterism of the tube, even if feasible, is

uncertain and dangerous, as will be noted in a further paragraph. But
intra-uterine medication often aids the emptying of the tube. The endo-

metrium is nearly always diseased ; hence if it be treated with antiseptic

applications, such as iodoform, bougies, or swabbing with glycerine or carbolic

acid, the morbid changes in its substance disappear, and the adjacent tubal

mucosa shares in the benefit, so that the obstruction at the uterine orifice

of the tube may be overcome.

Surgical interference may be demanded when there are frequent re-

currences of pain and fever, with distinct deterioration of health. The
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operations recommended by different authorities are : removal of the tube
and its ovary, as in ovariotomy, vaginal hysterectomy, and removal of the
appendages, opening of the tube through the posterior vaginal fornix, and
salpingostomy.

The careful amputation of a hydrosalpinx with its corresponding ovary
is often followed by complete cure. The same may be said even when
both appendages are removed for pyosalpinx. The surgeon must remember,
however, that whilst recovery from an operation where a large ovarian

cyst is removed means cure, it is otherwise with amputation of diseased

appendages. An after-history of at least two years is needed, as the pedicles

too often undergo morbid changes. The advantages of this operation are

clear. The parts are well seen, especially if the patient be placed in the

Trendelenburg position. The uterus is left behind, and thus the pelvic

floor is not weakened. The dilated tube should be emptied by aspiration

before any attempt is made to separate it from its adhesions ; the author,

in the case of a pyosalpinx, takes the further precaution of injecting tincture

of iodine into its cavity. During the separation of adhesions sponges

should be packed around the collapsed tube. The stump of the pedicle

should be treated as recommended above, in the paragraph on Injuries of

the Tubes.

Besides the possibility of hernia of the abdominal wall there are certain

grave objections to this operation. Septic peritonitis not rarely follows its

performance, and though the pus in a pyosalpinx may be absolutely free

from germs, it is on the other hand never certain that the fluid in a

hydrosalpinx is aseptic. Damage to the rectum may also cause sepsis or

fsecal fistula. The uterus left behind is often unhealthy. The most
usual evil result, however,—a result which often does not become manifest

till six months or more after the operation,—is painful inflammatory change
in the stump, sometimes ending in suppuration and discharge of the abscess,

and perhaps of the Ligature as well through the abdominal wound or into

the bowel or bladder. In a bad case of double pyosalpinx retroperitoneal

hysterectomy is sometimes advisable.

Vaginal hysterectomy with removal of the diseased tube is practised on
a large scale abroad. Some of the perils of the abdominal operation above

noted are avoided, but detaching a large tube from adhesions more or less

out of sight involves considerable danger. Brilliant statistics have been

issued, but the majority of cases which make them up would hardly have
been submitted to any operative interference in this country.

Altogether, when the abdominal operation appears inadvisable, and
the dilated tube bears well down into the posterior vaginal fornix, free

opening and drainage into the vagina is the best line of treatment.

Salpingostomy.—This is a conservative operation chiefly advocated by
Polk, Skutsch, and Martin. It consists in opening a hydrosalpinx at or

near the site of the ostium, so as to restore the patency of the tubal canal.

The incision should be made in the long axis of the tube. The exposed

mucous membrane is sewn by fine silk to the serous coat around the incision.

Langhans objects to this practice, as it leaves a foreign body in the wound
liable to set up local peritonitis, which would certainly close the artificial

ostium and entirely defeat the object of the operation. But the mere
incision may cause quite enough local peritonitis to seal up the new ostium,

besides, it is difficult to make sure that the fluid in the tube and the mucous
membrane are free from germs. Oderecht removed a tube on which

salpingostomy had been performed a year and a half previously; it had
. become a pyosalpinx. Out of seventy-six salpingostomies by Martin and
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Mackenrodt conception was noted in the after-histories of four. The com-
plications associated with hydrosalpinx are very indefinite, and hence the

merits of salpingostomy are hard to determine even on statistical evidence.

It is most likely to be successful when in an exploratory operation for chronic

pelvic pain and swelling the tubes alone appear diseased, and are clearly

dilated through obstruction due solely to old perimetritic adhesions, the

exciting cause of the peritonitis having passed away.

Catheterism of the Tube.—The tube will sometimes admit a sound passed

first into the uterus in the usual manner, but deliberate catheterism is both

uncertain and dangerous, hence it is to be rejected as a therapeutic or

surgical agent in the treatment of tubal disease. The entrance of the

sound into the tube has been proved during a laparotomy. Boursier

{Archives chin, de Bordeaux, May 1892) succeeded, according to his belief,

in catheterising the left tube of a woman aged thirty-one several times ; but
within four months of the first successful attempt the sound could no longer

be passed. It is not always possible to make sure that the sound has not

really been pushed through the walls of the uterus into the peritoneal

cavity, an accident which is of course to be avoided, though, strange v to

say, it is not necessarily followed by serious complications.

Tubekculosis of the Fallopian Tube.—Of all parts of the female

genital tract the tube is the most often affected with tubercle. Kleinhans
recently collected some valuable statistics which show that the evidence

gained from necropsies on phthisical women corresponds to that which is

gained from abdominal operations.1 Frerichs found the tubes affected with

tubercle in 12 out of 96 post-mortems on tuberculous women, whilst of 814
cases of inflammation of the appendages collected by Martin, Whitridge
Williams, and von Eosthorn, the tube was tuberculous in 29. Chaffey and
Quarry Silcock found tuberculous tubes in two children between four and
five years old ; both had general tuberculous disease elsewhere. The fact that

tubercle of the tube exists in childhood may explain the appearance of

hydrosalpinx and pyosalpinx in young virgins. Cullingworth believes that

tubal disease in the virgin is generally, if not always, tuberculous. The
disease in question is usually bilateral. Whitridge Williams finds that the

majority of cases are secondary to tuberculosis of other parts, and due either

to infection from the blood or from the neighbouring organs, nor is it

possible to exclude blood infection in cases which appear to be primary.

Yet primary tuberculous disease has been detected. This fact is not dis-

puted, but there has been much debate as to how the primary infection

occurs. Some authorities openly admit that primary tubercle of the tube

is practically a venereal disease, that is to say, the tube is infected directly

by the semen of a tuberculous man, or, as in the case of syphilis, the tubercle

bacillus may be introduced by the finger or the instruments of the

gynsecologist. Others hold that the bacillus enters the organism elsewhere,

without causing changes at the seat of entrance, and settles in the tube.

Possibly, as has been asserted, tubal epithelium damaged by the gono-

coccus cannot resist the invasion of the bacillus, a condition homologous to

tuberculous disease of the testis following orchitis after gonorrhoea.

Tubercle of the tube may justly be called tuberculous salpingitis. The
germ attacks the tubal mucous membrane, irritates it, and sets up inflamma-

tion. There is an acute miliary and a more chronic form. All the

1 Since the above paragraph, was written, Dr. P. D. Turner of Ryde has shown from
careful research at the Brompton Hospital that secondary tubercle of the uterus is relatively

much more frequent than authorities seem to believe. It has probably been overlooked by
others, as it is not so easy to detect as tubercle of the tubes (Trans. Obstet. Soc. Lond. 1899).
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characteristic appearances of tuberculous disease of a mucous membrane are

to be seen. In the acute form there is free round-celled infiltration and
scattered tubercle, giant cells are scarce, as the tuberculous masses break

down quickly, but the tubercle bacillus abounds. Extensive destruction of

the mucosa takes place, often with infiltration of the muscular coat. In
the chronic form the infiltrated plicae swell, the surface of the mucosa
becomes covered with granulation tissue, but complete destruction of the

epithelium does not necessarily occur. Through union of the edges of the

diseased plicae cyst-like spaces lined with epithelium may be detected.

The tuberculous growth is often exuberant so as to simulate cancer or

sarcoma, giant cells are usually detected in considerable numbers, whilst

the specific bacilli disappear. The ostium does not always close, it

sometimes discharges the morbid contents of the tube, causing local or

general tuberculous peritonitis. When it closes, probably through peritoneal

adhesions, the tube dilates and a kind of pyosalpinx develops. Opinions
differ about this "tuberculous pyosalpinx " as it represents a chronic condition,

and it is not always possible to feel sure that the condition does not signify

a hydro- or pyosalpinx secondarily infected with tubercle. A tuberculous

tube may certainly infect the bowel to which it adheres, and its contents

sometimes burst into the channel of the gut. On the other hand, a

tuberculous tube does not always go from bad to worse. It may shrivel up,

its cheesy contents becoming infiltrated with earthy salts; its diseased

walls undergo a kind of sclerosis through free development of fibrous

tissue— salpingitis interstitialis (Whitridge Williams). In a case

where the writer opened the peritoneum for diffuse peritonitis involving

the tubes, with perfect relief for over a year, the patient died of phthisis

three years later. Each tube was found cystic like a thick-walled

pyosalpinx ; the disease was there evidently quiescent. This condition is

what has been detected in many bodies of women who have died of

phthisis, often without a clear history of pelvic disease. An unobstructed

tuberculous tube is extremely tortuous through thickening and elongation of

its coats bound down to a certain extent by the mesosalpinx. Its canal

contains cheesy matter and broken-down tissue. A " tuberculous pyosalpinx
"

contains similar material floating in pus ; its walls are extremely thick. It

is nearly always adherent to adjacent structures, and associated with very

evident naked-eye appearances of tuberculous peritonitis.

Symptoms.—When tuberculous peritonitis can be diagnosed by clinical

evidence and physical signs, and a circumscribed body is detected in the

lateral fornix, that body is almost certain to be a tuberculous tube.

Tuberculous salpingitis is seldom acute, dull pelvic pains set in, and a pelvic

swelling is detected. When the disease has existed for some time the tube

has usually became a pyosalpinx. It can be detected on palpation as a

fixed cystic body in the lateral fornix, not always tender, but often painful

because of the peritonitis which it sets up. The patient's health is nearly

always impaired. Still, the writer had observed advanced tuberculous

salpingitis in young girls well nourished and apparently in blooming health.

Menorrhagia is notably frequent
;
possibly some of the blood comes from the

tube, or is due to tuberculous endometritis. Amenorrhoea, on the other

hand, is not rare, being due to deterioration of health.

Syphilis of the Tubes.—A syphilitic salpingitis has never been
accurately determined. Bouchard and Lepine detected gummata, as large

as hazel-nuts, in both tubes in a case of syphilis in a woman aged forty.

In investigating appearances seen on a diseased tube removed from a

syphilitic patient, the observer must remember that salpingitis from
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gonorrhoea is very probable in such a subject. Ballantyne and Williams
detected miliary gummata in the tubes of an infant aged seven months,

and, as well as Donhoff, who has recorded a similar case, they seem to have
distinguished what may under reserve be reckoned as specific salpingitis.

Echinococctjs.—A case of echinococcus of the Fallopian tubes with a

very definite clinical history is reported by Doleris. The patient, aged
thirty-six, was the daughter of a butcher, and had been married for twelve

years to a man in the same trade. She lived on the premises where his

cattle were slaughtered and where two bulldogs were kept. Shortly after

marriage hypogastric pains set in, followed by dysuria. A tumour was
detected four years later. The patient had been subject to monorrhagia

from girlhood, hence uterine myoma was suspected. The tumour continued

increasing very slowly for eight years. It then formed a great, hard,

elastic, abdominal tumour, very irregular in form and highly nodular ; it

had invaded the pelvis. The tumour was removed, it did not adhere to the

parietes, but the omentum was almost incorporated with it, and there were

firm adhesions to the uterus, bladder, caecum, vermiform appendix, and
rectum. The adherent uterine fundus had to be amputated, the rest of the

organ being fixed to the parietes after application of the thermo-cautery to

the cut surface. The patient made a good recovery. The tumour weighed

over 4 lbs. ; it consisted of the two Fallopian tubes distended to a degree

never seen in hydrosalpinx. Each tube was crammed with hydatid cysts.

Much of the peritoneum of Douglas's pouch was resected with the tumour

;

it was infested with minute hydatid cysts, but both ovaries were healthy.

From the history we may assume that pelvic peritonitis developed shortly

after marriage, that the tubes became sealed up, a hydrosalpinx developing

on each side, and that finally each hydrosalpinx became infected with

hydatids. It is instructive to note what was the effect of the very slow,

steady pressure of the hydatids which gradually developed within the

tubes. One tube measured nearly twenty, the other more than twenty-two

inches, they ran a tortuous course, and their dilatations were enormous and

very irregular. Such elongation and dilatation is never seen in the

commoner forms of hydrosalpinx. The tumour, it must also be noted,

escaped suppuration though united to intestine by very old adhesions.

Tumours of the Tube.—Myoma of the Tube.—A true " fibroid " of the

tube is of great rarity, although the tube is mainly made up of plain

muscular fibres like the uterus where myoma is so common. Many
alleged cases are doubtful. Thus Simpson's and Schwartz's were both

pedunculated and very possibly developed from muscular tissue in the

mesosalpinx independently of the tube. Several other cases where the

tumour was sessile may have sprung from the same source. In other

instances a uniform and extreme hypertrophy of the muscular coat,

associated with chronic inflammation, has been questionably classed as

" myoma." Two reliable authorities, Bland-Sutton and Jacobs of Brussels,

have each removed a myomatous tumour clearly developed in the muscular

coat of the tube about its middle third ; the tumour was in each case of

about the size of an orange.

Chiari's salpingitis isthmica nodosa, already noted, represents an

inflammatory change on the muscular coat, not a myoma. Small lumps of

muscular tissue containing blind glandular ducts have been detected in the

same part of the tube and in the adjacent uterine cornu (" adeno-myoma
"

of von Becklinghausen). They are pathological curiosities, and their

precise origin is uncertain ; von Becklinghausen traces them to the

Wolffian body, Kossmann to Mutter's duct.
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Cysts of the Tube.—Kossmann is of opinion that the minute thin-walled

cysts so often seen between the folds of the mesosalpinx and sometimes
under the free border of the serous coat of the tube itself arise from
Mullerian, that is to say, tubal elements. The little accessory tubes, which
often spring from the surface of the mesosalpinx, sometimes bear similar

cysts. Earlier writers attributed the minute cysts in the mesosalpinx to

the Wolffian body. The well-known " hydatid of Morgagni," indisputably

a tubal appendage, sometimes forms a cyst of an inch or so in diameter
with a very long pedicle. Sanger removed two large masses of cysts con-

taining fibro-myxomatous matter from the fimbriated extremity of a tube
;

each sprang from a long pedicle which was tied and divided, nothing
more being removed. The patient, aged twenty-six, recovered and after-

wards became pregnant.

Primary Dermoid Tumour of the Tube.—Dermoid disease of the tube
has been observed by Pozzi, who figures a case in the third edition of his

Trait6 de gynecologie, but gives no clinical notes. The growth is repre-

sented as entirely within the tube, except that the tubal walls are perforated

superiorly. Large hairs spread through the wall of the dermoid, projecting

into the much-dilated canal of the tube. The tumour was made up of

skin with hair, sebaceous and sweat glands and fat, but there was neither

bone nor cartilage. The ovary is represented as free from disease and in

normal anatomical relation to the tube. As for Eitchie and Treub's cases,

it is not clear that the new growth really originated in the tube.

Lipoma of the Tube.—Parona once found a Fallopian tube buried in a

fatty mass, nearly 3 oz. in weight, which opened up the mesosalpinx. It

is not made evident that the tumour began in the tube. Though adipose

tissue, it must be remembered, is found under the mucosa in young sub-

jects, a considerable amount of fat, visible to the naked eye, often grows
between the layers of the mesosalpinx near the outer end of the tube. It

is from this fact that Parona's tumour very probably arose.

Papilloma and Cancer of the Tube.—Primary papilloma and primary
cancer of the Fallopian tube are closely allied. The former disease seems
to be of inflammatory origin (" papillomatous endosalpingitis " of Macrez).

Nine or ten authentic cases have been collected. "When the ostium of the

papillomatous tube remains open, the secretion pouring out into the

peritoneum may set up dropsy (author's case); when the uterine end
remains open, the secretion may escape in great quantities from the vagina

(Doleris's case), a form of " hydrops tubre profiuens." A large papilloma of

the tube may prove absolutely innocent; on the other hand, recurrence,

when the primary growth was histologically innocent, has been reported

(Kaltenbach). Primary cancer of the tube seems to be, at least as a rule,

a malignant degeneration of a papilloma. About thirty genuine cases have
been collected. A hydrosalpinx invaded by a cancer developed in the

ovary must not be mistaken for a primary tubal cancer. Papilloma usually

develops in the prime of sexual life, cancer towards the menopause.

Beyond the development of a pelvic tumour the symptoms of papilloma are

very indefinite. In cancer a watery or sanious discharge has frequently

been observed. The only treatment for papilloma or cancer of the tube is

removal. When a suspicious tubal tumour is bilateral it is safest to

remove the uterus as well as the tubes.

Sarcoma of the tube is extremely rare; two reported cases bear the

authority of Sanger. A case of Deciduoma malignum has been published.

LITERATURE.—1. Martin. Die Krankheiten der Eileiter, 1895.—2. Veit. Handbuch
der Gynakologie, vol. iii. pt. 2.—3. Allbtjtt and Playfair's System of Gyncecology, 1896, art.
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Definition.—A fascia is a fibrous envelope binding down muscles or

enveloping them in different regions.

Superficial and Deep Fascle.—Immediately beneath the skin is a more
or less closely-woven layer of areolar tissue containing a varying amount of

fat, and known as the superficial fascia. It is in parts capable of division

by the dissector's knife into two layers. The external of these layers is

practically continuous over the surface of the body. The internal layer

sometimes dips down and becomes attached to deeper structures, e.g. the

deep layer of the superficial perineal fascia is attached to the inferior

border of the triangular ligament. The deep fascia immediately covers the

muscles, and sends processes which invest them and enclose them in

partitions. The tendons of muscles assume the expanded form of

" aponeuroses," as in the case of the abdominal muscles, where the apo-

neurosis of the external oblique constitutes the deep fascia of the abdomen.

Structure.—Both superficial and deep fascise are composed of areolar

tissue. In the former the bundles of fibrous tissue are closely and
irregularly interwoven, and it contains numerous fat lobules. In the deep

fascia the fine bundles of connective tissue are disposed for the most part

in one or two directions, and form sheets of fibrous tissue.

Functions.—The fibrous tissue of the deep fascia is exceedingly strong

and tough, and yet perfectly flexible, but it is almost entirely inextensile

;

and it therefore maintains the parts which it connects in apposition against

any severing force short of that sufficient to rupture it, while its flexibility

permits of easy motion. Surgically the deep fascia limits or bounds
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inflammatory changes and pus until the process becomes so acute that the
fascia softens and sloughs, and then sudden extension takes place.

Fascia in various Begions.—In the head and neck numerous fasciae

are described,—the temporal, buccal, masseteric, and the cranial aponeurosis.

Of greater importance than these and coterminous with them is the deep
cervical fascia of the neck, which acquires much surgical interest from its

bearing upon deep cellulitis of neck (angina Ludovici), its relations to the
deep veins, and the possibility of entrance of air into the veins by dragging
upon the fascia (canalisation of veins). It also directs the course and
determines the position of spontaneous opening of glandular and of cervical

spinal abscess, and being continued in front down to the mediastinum
permits the spread of inflammatory exudations in cut throat and tracheo-

tomy. The deep fascia is also contracted in congenital torticollis and in

spasmodic wry-neck. In the thorax the pectoral fascia contains numerous
lymphatics which are the channels of general infection in scirrhus of the
breast. This fascia is also prolonged upwards as the costo-coracoid mem-
brane, which has an important relation to the first part of the axillary

artery. In the upper extremity many parts of the deep fascia have
received special names, for example, the scapular, the axillary, the fascia of

the upper arm or brachial, the deep fascia of the forearm with its annular
ligaments, and the fascia of the palm which is the site of Dupuytren's
contraction. The muscles of the posterior abdominal regions are bound
down, and some take their origin from the fascia lumborum, which together
with the psoas fascia determines the course of spinal abscesses. Anteriorly
the transversalis fascia has important relations to inguinal hernia, a special

prolongation of it on to the spermatic cord being named the infundibuliform
fascia. It is continued downwards on the lateral aspect of the abdomen,
and is known as the fascia iliaca where it covers the iliacus muscle ; while
anteriorly a small portion passes beneath Poupart's ligament, forming the
deep crural arch and the front part of the crural sheath. On the spermatic
cord are found the cremasteric fascia and the inter-columnar fascia which is

derived from the aponeurosis of the external oblique. The pelvic fascia,

with its derivatives the obturator and recto-vesical fascise, are of more
anatomical than surgical interest. That firm, strong envelope of the thigh,

the fascia lata, acquires importance from the relation of its saphenous
opening to femoral hernia, while on the outer side of the thigh its fibres

are so strongly developed as to form a tendon-like structure, the ilio-tibial

band. Below the knee an investing sheath of fascia is found, forming at

the ankles the annular ligaments. The fascia of the leg is prolonged into

the sole of the foot as the plantar fascia.

Injuries.—Rupture, and Hernia of Muscle.—Both superficial and deep
fascise are involved in wounds of some depth. The deep fascia is often

extensively ruptured and lacerated in contusions and wounds produced by
forces of a tearing nature and in compound fractures of the tibia; the
fractured ends of bone are sometimes seen protruding through the deep
fascia. If the wound be rendered aseptic, healing of the rent in the fascise,

as of other soft parts, follows, but if suppuration occur, then pus tracks

extensively beneath the fascia and travels to a considerable distance between
the muscular compartments. Occasionally, even in an aseptic wound, or

without any loss of skin and superficial tissue, the rent in the fascia fails

to heal, and a hernia of muscle follows. Lejars describes it as occurring

after violent contusions, ulcerations of the fascia, and surgical wounds ; and
Delorme quotes two cases, one of Verneuil's, where a hernia of the tibialis

anticus, as large as the last phalanx of the thumb, prominent during con-
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traction of the muscle, and receding when the muscle was relaxed, followed

on ligature of the anterior tibial artery. The other case quoted by
Delorrue occurred in the forearm after the introduction of a seton, and

when the hernia was reduced an opening could be felt in the deep fascia.

Hernia of the muscles, especially of the adductors, is met with also in

cavalry and hunting men. Such a hernia is recognised by its position, its

reducibility when the muscle is in repose, its sudden appearance and harden-

ing when the muscle contracts, and in most cases after its reduction a

clear, well-defined opening can be felt in the deep fascia. As to treatment,

the pressure of an elastic rubber bandage may serve to keep the hernia

back, but if this fail, or if the hernia be rapidly increasing and giving rise

to trouble, it may be cut down upon, the fascial edges freed, and united

over the muscle by a continuous suture.

Diseases.—Inflammation and sloughing occur in the superficial fascia,

and frequently extend to the deep fascia, as in the course of cellulitis, when
large portions may be drawn out in the form of wash-leather sloughs.

Contraction of the deep fascia is best seen in the palm (Dupuytren's con-

traction) and in the sole of the foot in association with talipes equino-

varus and acquired talipes calcaneus. The deep fascia is often the site

of gummata, and occasionally of new growths such as fibromata and

sarcomata. The writer has met with several cases of true fibroma of the

plantar fascia.

Dupuytren's Contraction (Contraction of the Palmar Fascia).—It is

an important fact to grasp that in this affection not only is the palmar

fascia itself involved, but also its digital prolongations. The male sex is

more commonly affected, and the proportion is about twenty males to one

female. The fingers on the ulnar side of the hand are more usually

involved, the ring finger the most frequently, then the little finger, and

often both fingers. But it must not be forgotten that the contraction may
affect the middle and forefingers, and even the thumb. In many cases

both hands are affected, but not simultaneously nor to an equal degree.

The right hand, however, is not so much more often affected than the left,

as the theory of traumatism would seem to imply. Heredity is a distinct

factor in its occurrence, about one in four cases presenting such a history.

The age of onset is middle or late life. A fair proportion of cases occur in

those who use the palm of the hand much in their daily work, e.g. carpen-

ters, drivers, gardeners, etc., but Mr. W. Adams has shown that most of his

cases were drawn from the professional classes, and in these instances there

was one feature common to all, viz. a gouty inheritance. "With reference

to the causation, the first point is that Dupuytren's contraction is an

affection of that time of life when fibroid changes are supervening, and the

second point is that most of the cases have a gouty history. The actual

onset is marked in some cases by a single injury to the palm of the hand,

instances of which are the following quoted by Abbe :—A patient while

climbing a ladder pierced his palm with a piece of frozen mortar and dated

the onset of the affection from that time; and another patient, a civil

engineer, had a long series of stakes to put into the ground and pressed

them hard with his palm. The next day he had a sore palm and traced

the affection directly back to this date. But more often we find a history

of repeated and slight traumata. Eicard and Bicket record cases in

syphilitic subjects in which the affection yielded to iodide of potassium.

Abbe believes in a nervous origin of the affection, and Mr. William

Anderson advocates the theory of bacterial origin in the following words :

—

" The situation of the initial lesion and the peculiar tendency of the new
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growth to feed like a parasite upon the tissues in which it spreads and
which it replaces, have led me to believe strongly that the active agent of

destruction is a specific micro-organism, which gains access to the sub-

cutaneous tissues through accidental lesions of the epidermis, mostly

effected by the finger-nails." But until Mr. Anderson's theory is sub-

stantiated we must fall back upon the gouty history and slight and
repeated traumata for an explanation.

The morbid anatomy of the affection is quite clear. It is primarily an

induration and then a contraction of the palmar fascia, and afterwards of

the skin, the tendons having nothing to do with it. The nature of the

change is a fibroid hypertrophy, either in the local form of small fibromata

or as a general hyperplasia. Beginning in the deepest part of the palm, i.e.

above the base of the ring finger, where a puckering of the skin appears, the

contraction spreads downwards along the fascial prolongations to the fingers

until they are drawn down into the palm. Bearing on the part played

by gout in its production, a dissection by Mr. Lockwood, in which he found

the fascial contractions incrusted with urate of soda, is of great value. The
symptoms commence with a feeling of tightness in the palm and ring and

little fingers, and the patient finds some difficulty in fully extending those

fingers, and later there are some nodular indurations in the palm and

considerable neuralgic pain in the hand. The skin becomes adherent, dry,

and thickened, and a puckered dimple appears in the transverse crease of

the palm. The fingers then become retracted into the palm until the nails

may wound it. The affection very rarely becomes spontaneously arrested,

but is progressive, and the tips of the fingers touch the palm in about two

years from the first onset. The diagnosis should be made from congenital

contraction of the finger, from flexion of the fingers due to adhesion of the

tendons to their sheaths, and from contraction of the fingers, the result of

osteoarthritis. But the typical appearances in Dupuytren's contraction are

the nodular thickening of the fascia, the adhesion of the skin, and the

freedom of movement of the tendons in their sheaths.

Treatment.—When the affection is at all marked the only measure

available is operation. Mechanical extension is useless, painful, and harm-

ful. The operative treatment is either by multiple subcutaneous puncture

or excision of the affected fascia by the open method. The best sub-

cutaneous method is that practised by Mr. Adams, and consists in the intro-

duction of a fine tenotome between the skin and fascia, freeing the skin

first, and then dividing the fascia in several places so as to isolate the

portions of it. Thirty or forty punctures are frequently required. The

fingers are then brought as far into the extended position as possible

without using any force, and maintained there by a well-padded metal splint

for three or four days until the punctures are healed. An extension instru-

ment is then applied for fourteen days or longer.

The open method is to be preferred in the case of those who are unable

to devote much time to the treatment, such as manual labourers, but it

necessitates complete confidence in aseptic measures. The writer has

practised it successfully on several occasions and has every reason to be

satisfied with it. An Esmarch's bandage is applied, and a longitudinal in-

cision is made in the palm from just below the line of the superficial palmar

arch to the root of the finger most affected. If more space is required, a

transverse incision is made at either end of the longitudinal, the flaps are

dissected back, and all the contracted fascia in the palm is dissected out,

taking great care not to wound the nerves. The contracted bands on the

lateral aspects of the fingers are divided subcutaneously, and the fingers
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strengthened as much as possible without force. Haemorrhage, often free on
account of the vascularity of the part, is then arrested and the wound in

the palm closed by horse-hair sutures. In fourteen days the palm is com-
pletely healed and the fingers are mobile. The writer prefers the open
method.

Contraction of the Plantar Fascia.—Any cause which tends to unduly
approximate the heel and heads of the metatarsal bones results in this con-

traction and gives rise to the so-called pes cavus. The conditions in which
this form of fascial contraction are met with are talipes equinus, talipes

equino-varus, talipes calcaneus, and some cases of Friedreich's disease. In
all but the last it is permissible and often needful to divide the fascia sub-

cutaneously in one or more places, and after fourteen days to stretch the

sole.

LITERATURE.—Fascia : Duplay and Reclus. Traite de chirurgie, art. by F. Lejars,

vol. i. p. 844. Aponeuroses : Hellman. Archiv f. path. Anal. 1888, vol. cxiv. pp. 375-

378. Hernia of Muscle: Duplay and Reclus. Traiti de chirurgie, art. "Muscles," by
F. Lejars, vol. i. pp. 764-771. Dupuytren's Contraction : Tubby. Deformities, pp. 231-242.—Adam's Finger-Contraction and Hammer Toe, 2nd ed. p. 85.
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Fat Embolism means the impaction of minutely subdivided oil

globules in the smallest arteries and capillaries of the lungs and other organs,

with consequent embolic obstruction and its effects.

Pathology and Morbid Anatomy.—In the tissues each fat cell represents liquid

fatty matter enclosed in a membrane. These membranes may be ruptured by any
injury producing laceration of adipose tissue, the oil escaping in the form of

minute globules. These enter the circulation by means of the torn veins, and also

by the lymphatic vessels, whether they be ruptured or not. After fractures the
absorption of oil globules from the bone marrow is favoured by the increased
tension and by the fact that in the bone the torn ends of the bone remain open.
Fatal fat embolism, though rare, is almost always due to extensive fracturing of

long bones. But the condition probably occurs to a greater or lesser degree after

all fractures, and may be seen after amputations, joint resections, crushes, and
other injuries of bones. In rare cases it may occur after forcible straightening of

deformed joints, abscesses, especially acute osteomyelitis, widespread subcutaneous
injuries, and injuries to fattily degenerated tissues, e.g. the liver, as in Zenker's
case. The condition may also be found in some cases of diabetic coma (Hamilton
Starr), but in these cases the fat embolism may be stimulated by post-mortem
changes in the lipsemic blood.

In the blood, and especially in that of the pulmonary artery, small clear shining
drops of fat may be visible to the naked eye, and the blood has often a peculiar

oily appearance. [It is stated that in diabetes the oil globules are combined with
granular matter, and more minutely subdivided than when they are derived from
bone marrow.] The oil globules, whatever their source, are carried to the right

ventricle, and then become impacted as emboli in the finest arteries and capil-

laries of the pulmonary system. Venous congestion of the lungs occurs in con-

sequence, and there may be haemorrhages on the surface and in the substance of the

lungs, which are usually very cedematous and may be atelectic in parts. In some
cases the bronchi are filled with frothy fluid, and the pleurse contain bloody serous

fluid. The other organs are in some cases quite healthy, but owing to fat embolism
in them may show venous congestion and capillary haemorrhages. The brain and
kidneys are more often affected than the liver. Fatty degeneration of the myo-
cardium has been observed and ascribed to plugging of vessels and scanty

capillary anastomosis, while congestion in the right ventricle is due to obstructed

pulmonary circulation.

Histology.—The pulmonary capillaries of most arteries are plugged with oil,

which stains black with osmic acid. The oil is seen either in homogeneous masses
or else resembles a chain of pearls. In the kidneys the globules are mainly seen

in the glomerular coils [less abundantly in the vessels of the convoluted

tubules].
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Clinical Chakactees.—From two to four days after the majority of

fractures fat may be found as small oily droplets in the upper parts of the

specimens of urine. The condition lasts for about two weeks, and is as a

rule a harmless complication. In rare cases from one to three days after

the injury serious symptoms appear. In addition to the presence of fat in

the urine there is dyspnoea, which gradually increases, the face is pale, the

pulse feeble, and the temperature low. In some cases there may be

haemoptysis, with dulness over the lungs and audible rales, but in others no

pulmonary changes can be detected. Eestlessness, cyanosis, and localised

muscular twitchings have been described. In the course of a few hours the

pulse becomes weaker and more rapid, there is somnolency which increases

till the patient is comatose, and usually from five to twenty hours after the

onset of the symptoms death supervenes either in coma or from pulmonary
oedema.

Diagnosis.—The symptoms, except in rare cases, do not appear until

24-72 hours after the injury, while the onset of shock is rapid. Ordinary

pulmonary embolism is usually a later occurrence than fat embolism. Acute

anaemia is excluded by the presence of fat in the urine, and by the absence

of such signs as albumin and casts in the urine, convulsions, vomiting,

etc.

Peognosis.—Although fat embolism may aid in causing a fatal result

it is very rarely the sole cause of death. Thus, Mech in 1892 could find

records of only seventeen cases where no other cause of death was ascertain-

able. The gravity of any case depends on the extent of the fat embolism

and on the natural powers of resistance of the individual. If those serious

symptoms already described should ensue, the prognosis is very grave.

Tbeatment is of little avail, and can only be directed to the relief of

symptoms. Warmth, counter-irritation to the chest, and stimulants—alcohol,

digitalis, ether, and oxygen—maybe serviceable, especially if the dyspnoea be

urgent.

LITERATURE.—1. Bergmann. Berlin, klin. Wochenschr. 1873, No. 33.-2. Bruns.

Beitr. z. klin. Chir. 1895, xiv. p. 235; also "Die Lehre von d. Knochenbruchen, " Deut.
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Fortschr. der Med. 1898, p. 251.—4. Fergt/son. Lancet, 1895, Ap. 6th, p. 870.—5. Finotti.

Deutsch. zeitschr. f. Chir. 1894, xxxix. p. 508.—6. Hamilton. Text-Book of Pathology,

vol. i.—7. Mech. Beitr. z. klin. Chir. 1892, viii. p. 421.—8. Payr. Munch, med.

Wochenschr. 1898, p. 885.—9. Scriba. Deutsch. zeitschr./. Chir. 1880, xii., where literature
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Favus (from favus, a honeycomb), also known popularly as " honeycomb "

ringworm, is a disease of the skin caused by the growth on it of a fungus,

the Achorion Schonleinii.

It affects especially the hairy scalp, but may occur on any part of the

cutaneous surface, and in one case (Kaposi) it attacked the mucous membrane
of the stomach and intestines and led to death.

vol. in 29
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The disease is curiously capricious in its geographical distribution, being

common in Scotland, France, Eussia, and Poland, while it is comparatively-

rare in England, Germany, America, Austria, and Italy. Subsequent to

the expulsion of the Jews from Eussia a number of cases were noted in

London, but it does not appear to have spread to any extent to the local

inhabitants.

Its first evidence is usually a variable amount of scaling on the surface,

or if it occurs on the non-hairy skin this scaliness may be replaced by a

moist dermatitis, which may assume a rounded form closely resembling

ringworm. Exceptionally this eruption may be pustular.

After two or three weeks the typical cups or scutula may make their

appearance. These are noted at first as little dull yellow points beneath

the superficial layers of the epidermis, and are often pierced in the centre

by a hair, for obviously the facilities for quiet uninterrupted growth are

greatest in the hair follicles. The scutulum gradually enlarges, the epi-

dermis over it gives way, and the typical sulphur yellow colour becomes

more and more apparent. The scutula usually reach a size of from ^ to \
of an inch, and in cases of the ordinary type of severity they press on

adjacent ones, their edges are flattened, and the resemblance to a honey-

comb becomes very evident.

If the case is neglected, the scalp is compressed between the accumulated

scutula and the bony cranium, with the result that the hair-roots are per-

manently destroyed and the skin undergoes a species of cicatricial atrophy.

If on the other hand the head is kept free of crusts, the growth of the hair

is not interfered with and no baldness results. The affected hair has, how-

ever, a dull lustreless appearance, and is often appreciably lighter in colour

than the healthy hair in the neighbourhood.

Etiology.—The fungus which causes the disease was first demonstrated

by Schonlein of Berlin, who in 1839 published a very brief note with a

small drawing of the fungus, and subsequently in honour of his discovery

the fungus was named the Achorion Schonleinii. The presence of the

fungus in the crusts was soon recognised by observers elsewhere, and Gruby
of Vienna (1841) and Hughes Bennett of Edinburgh (1842) confirmed the

discovery and published excellent accounts of the fungus, Bennett's plates

being exceedingly accurate, and his account of the seat of the scutulum

entirely correct. He was, however, curiously loath to recognise the fungus

as the cause of the disease, which he regarded as a "manifestation of

tubercle." Both he and Gruby carried out numerous experimental inocula-

tions, the latter on plants, reptiles, birds, and human subjects, with one

successful inoculation— on a plant. Bennett's experiments were on

human subjects, his patients, his students, and himself, and were all un-

successful.

Eecent experiments have, however, been more successful, and have

demonstrated beyond all doubt that the fungus is the cause of the disease.

As an example, we may take that of Winklereid Williams, who inoculated

himself on the leg with pure cultures of the fungus, care being taken to

irritate the skin and to keep the fungus in contact with the irritated surface.

In three days signs of inflammation appeared ; on the fourth there was an

eruption of vesicles. After the ninth day minute yellow points began to

appear, most, but not all of them, in relation to hair follicles, and these

gradually grew into typical scutula. The disease is found in several of the

lower animals, and it is probably from the mouse, through the cat, that the

disease is conveyed to children. In mice the pressure effects of the scutula

are very great, and lead to erosion of the bones of the cranium and to a
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fatal termination. The disease also occurs in hens and pigeons, but only

exceptionally in horses and cattle, which are so frequently attacked by
ringworm.

Microscopic Examination.— It usually suffices to mount a portion of the
scutulum in a drop of liq. potass. After it has stood for some time the cover
should be pressed on the slide so as to spread the material into a thin layer. A
portion of scutulum examined in this way is found to consist almost entirely

of fungus. Long filaments form a species of felt-work, among which the shorter
portions commonly described as " spores " are evident. When, on the other hand,
a section of a scutulum is examined, while the margin is found to consist mainly
of the long filaments, in the centre the shorter elements or "spores" are more
numerous. Pressing down of the cover-glass on the ordinary specimen leads to
separation of the individual elements, and such preparations show a misleading
number of spores. The affected hairs contain long tubes of fungus, which usually
completely obliterate all the internal structure of the hair, and their outsides are
often sheathed with a felt-work of fungus, in which the joints are shorter than those
inside.

The fungus may be stained by a number of methods, the best of which is

Morris's modification of Gram's method. If it is desired to stain it in the hair, the
hair should first be well washed in ether to remove all grease. The ether should
not be allowed to evaporate, but should be washed off by alcohol and spirit, as

otherwise it leaves a thin coating of fat on the surface of the hair, through which
the stains do not easily penetrate. The stain used is the ordinary saturated
solution of gentian violet in anilin water, and in this the hairs must remain at

least half an hour. They are then placed into Gram's solution of iodine (iod. 1,

pot. iod. 2, water 300 parts), in which they remain for three minutes. They should
then be placed on a slide, firmly dried with blotting-paper, and a drop of pure
anilin, containing enough iodine to give the solution a dark mahogany colour,

placed over them. After washing in this for a few minutes the drop is washed off

with pure anilin, which is in its turn washed off by xylol, and the specimen is then
mounted in Canada balsam. Any fungus which is adherent to the outside of the

hair is brilliantly stained, but the staining of the fungus within the hair is usually

very irregular. The explanation of this probably is that the outside of the hair is

so little diseased that it is only with difficulty that any of the stain makes its way
into the interior of the hair. Sections of scutula stain perfectly with this method.

The amount of investigation to which the fungus of the disease has recently

been subjected has led to the recognition of several varieties, for descriptions of

which the works of Quincke and Neebe must be consulted. As yet their recognition

has proved of little practical value.

Diagnosis.—In a well-marked case this is very easy. In no other disease

are regularly shaped structures like the scutula produced, and consequently

if they are present the nature of the case admits of no doubt. When they

are not present in this typical form, the dry crumbling character and the

bright sulphur yellow colour of the scales are very characteristic. The
mousy odour which is so familiar in connection with the disease is due to

the decomposition of dead fungus, and a somewhat similar odour is often

noted in other diseases when the excretions are decomposing. Any doubt

is set at rest by the examination of a portion of the crust under the micro-

scope. If, as in any well-cared-for case, no crusts or scales are present, the

diagnosis must be made from the examination of the hairs, when the long

tubes of the fungus will be recognised in their interiors. Without this

examination there might be some confusion with seborrhcea, but it will only

be in very rare instances that the old plan of leaving a case untreated for a

time to watch for the development of scutula is required.

Pkognosis.—The prognosis of an untreated case is as bad as it is possible

to be. There is absolutely no prospect, as there is in ringworm, of the

disease dying out, and it will last until every hair on the scalp has been

destroyed. In one case which came under the notice of the writer the

disease had lasted no less than fifty years. In those countries where it is
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prevalent the disease thus becomes a matter deserving of the serious con-

sideration of the civil authorities. Children with favus are rightly refused

admission to any school, and belonging as they usually do to the lowest

classes, they grow up altogether without education, and undoubtedly tend to

drift into the criminal ranks. It is clearly the duty of the authorities to

take the matter in hand and to take steps to stamp out the disease. Though
not dangerous to life it is more dangerous to society than many diseases

which are. The presently existing hospitals and dispensaries are quite

unable adequately to cope with the disease ; any treatment requires either

months of treatment or the use of an apparatus expensive in the first

instance and requiring skilled knowledge to work it. It is hardly too much
to say that a case occurring in the lower classes, and only irregularly attend-

ing some institution, is to all intents and purposes incurable.

Treatment.—The treatment of any disease where the cause is so definitely

known as in favus is exceedingly easy in theory. All that has to be done
is to destroy the parasite and the thing is done. Unfortunately we are un-
acquainted with any remedy which will cause the destruction of the fungus
in the depths of the follicles without at the same time destroying the skin.

Antiseptics of various kinds are therefore of only limited value; they prevent

the spread of the disease on the surface, but they do not cure the disease. Of
the many in general use perhaps the first place should be accorded to the salts

of copper and mercury. A good cheap ointment can be made by mixing
together one drachm of sulphate of copper and one ounce of lard. The
oleate of copper is rather more efficacious and much more expensive. Of
the mercury salts probably the best is the old-fashioned white precipitate

ointment, which may be used in its full pharmacopceic strength. The
ointment of the nitrate should be used diluted, commencing say with

two drachms of the ointment to an ounce of vaseline, until experience

has shown the amount of irritation which each patient's skin will stand.

All ointment must be rubbed vigorously in at least twice daily, and the

scalp should be kept covered with a cloth thickly spread with a somewhat
weaker preparation. Their efficacy can of course be increased by covering

this dressing with some impervious material, but if this is done the case

must be carefully watched for signs of undue irritation, and this is not an

easy matter in the class of patients which favus most affects. Another,

method of treatment aims at setting up so much reactionary inflammation,

e.g. by blistering, that the fungus is indirectly destroyed. This method is

suitable enough for cases where the disease is not extensive, but is quite

unsuitable for those where practically the whole scalp is affected.

The only method of treatment which affords any reasonable hope of

curing the disease is that of removal of all the diseased hair. The barbarous

pitch cap or " calotte " is no longer used, but it at least proceeded on the

right principle. Pitch plaster was applied to the shaven scalp, and when
after some days the newly growing hair had become firmly adherent to it,

it was forcibly removed, bringing the hair and a considerable portion of the

scalp with it. Epilation by forceps was, up to very recently, our only

practical method of dealing with the disease, and in careful hands and with

a great deal of patience on both sides a cure might be hoped for in from six

to twelve months, according to the extent of the spread of the disease. Un-
fortunately this period is too long for internal treatment in ordinary hospital

wards, and too often the patient passed out of observation just as a mastery

was being gained over the disease.

In the "X " rays we have at last obtained a means of epilation which

promises to place the disease more completely in our power. Their action
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in causing the loss of hair has all along been known, but curiously it appears

to have been only this year that it occurred to several dermatologists in-

dependently that here we had at last the remedy which we had so long
sought for. By a judicious use of the X-rays the whole of the hair can be
caused to fall from the scalp, and any fungus which remains is easily got at

and easily destroyed. The treatment is still in its infancy, and it is con-

sequently premature to be dogmatic on the method of application. We are

at present using in the Edinburgh Eoyal Infirmary a coil which will carry

a ten -inch spark, with one accumulator giving a current of six volts.

Treatment is commenced with the tube twelve inches from the patient,

and the exposure lasts for two minutes. If there are no signs of irritation

the distance is shortened and the exposure lengthened, but this must be
done gradually and carefully, as cases are extremely irregular in their

response. (See " X-Eays.") For a varying number of weeks the patient has
neither favus nor hair, but the latter gradually returns and the case is cured.

The only disadvantages of the method are those due to want of experience in

the use of the rays ; if the exposure has been too prolonged or the current

too strong the loss of hair may be permanent, though that is much to be
preferred tol favus, or, a more serious accident, there may be considerable

sloughing of the skin, which not only leads also to the total and permanent
loss of hair, but to an ulcer which is extraordinarily slow in healing. At the

experimental stages of the treatment it is of course necessary to run as few
risks as possible, and as experience grows the results will doubtless be more
rapid ; at present a month or six weeks is usually required to produce com-
plete baldness, and perhaps two or three months more for the re-growth of

the hair.

Favus of Non-hairy Skin.—When the disease attacks the non-hairy skin

it is easily cured by the constant application of almost any antiseptic oint-

ment or plaster, the mercury and carbolic plaster made by Beiersdorf of

Hamburg being a most efficient and cleanly application.

Favus of the Nails.—This occurs in two forms. A scutulum may
develop on the nail bed, and raise the nail plate over it, or the fungus
may attack the substance of the nail and lead to its disintegration.

Both forms are difficult to manage. In the latter it is sometimes
possible by scraping away the nail substance with broken glass and apply-

ing some antiseptic to cure the disease, but the simplest and the most
radical method of treatment is avulsion.
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The central connections of the fifth nerve are referred to vol. ii. p. 20.

But it is necessary to describe briefly the course and functions of the three

branches arising from the Gasserian ganglion.

The nerve contains motor and sensory fibres, and as the nuclei and the

roots are distinct, lesions may be limited to sensory or motor nuclei, roots,

or divisions, and may if sensory be limited to a part only of these fibres.

Anatomy (see Diagram on p. 457).—The sensory and larger root passes into the
Gasserian ganglion which is formed on it, and which lies in the cavum Meckelii
on the summit of the petrous part of the temporal bone ; the smaller root which
contains all the motor fibres passes downwards from the inner side of the large
sensory root, and runs outwards below the ganglion to join the lowest of the three
branches into which the larger root divides upon leaving the ganglion.

The first or ophthalmic branch is the highest of the three, and enters the orbit
through the sphenoidal fissure in close relationship to the third and fourth nerves,
and supplies branches to the dura mater, the eyeball and lachrymal gland, the
mucous membrane of the nose and eyelids ; to the skin of the nose, upper eyelid,

1 [An article on the etiology of fever and its influence on metabolism was intended for this

volume, but the arrangements were interfered with owing to the appointment of the writer
(Dr. J. W. Washbourne) to an important medical post in connection with the South African
War. The treatment of this subject has therefore been deferred to a later part of the work.]



FIFTH NEEVE, AFFECTIONS OF 455

the forehead and the upper part of the scalp, besides having many communications
with the third and fourth nerves.

The second or superior maxillary branch passes through the foramen rotundum,
crosses the spheno- maxillary fissure, and reaches the face by the infraorbital
foramen. Its branches pass to the upper lip, lower eyelid, and side of the nose,
cheek, and anterior part of the temple ; the teeth in the upper jaw; the mucous
membrane of the nose, of the upper part of the pharynx, of the antrum of High-
more, and the posterior ethmoidal cells ; the soft palate, tonsils, and uvula ; and
with Meckel's ganglion supplies the glands and mucous structures in the roof of
the mouth.

The third or inferior maxillary branch is the largest of the three, and is made
up of a large sensory division from the Gasserian ganglion, together with the small
motor root which is distinct from the ganglion. The two join after passing
through the foramen ovale. The nerve divides into two branches, of which
the smaller anterior division contains the motor fibres which go to supply the
masticatory muscles, and also the buccal branch which is sensory, and which
supplies the outer and inner aspects of the cheek as far forward as the angle of
the mouth.

The larger posterior division is mainly sensory, and supplies part of the skin on
the side of the head and the region of the ear, including the external auditory
meatus, the lower lip and lower part of the face, the greater part of the tongue
and the lower teeth and gums, part of the mucous membrane of the mouth, the
salivary glands, the articulation of the lower jaw, part of the dura mater and skull,

and the lining membrane of the mastoid cells. Motor fibres also pass in this
division to the mylohyoid, the anterior belly of the digastric, the tensor palati, and
tensor tympani muscles.

As already indicated, the sensory fibres of the three branches of the trigeminus
have a defined field of action, but also a wide area of skin, which may be supplied
by one branch, or possibly several branches.

The region of the ear described as being supplied by the third branch may be
mainly supplied by cervical nerves, and Zander has definitely proved that in the
middle line of the face the skin is supplied from the nerves of both sides. The
course of the taste fibres will be referred to later.

Physiology.—The physiology of the fifth nerve has already been
indicated in the preceding paragraphs.

The motor fibres supply the muscles of mastication, the mylohyoid,

the posterior belly of the digastric, and almost certainly the tensor palati

and the tensor tympani muscles.

The sensory fibres supply the skin of the face, the eyeball, and eyelids,

the nose, the forehead, part of the scalp, and the region of the ear. The
mucous membrane of the nose, mouth, and gums, and the teeth in both jaws
are also included in the domain of this nerve.

The trophic functions of the nerve are referred to in some detail under
" Paralysis of Sensory Fibres," and it is only necessary to state here that

while the healthy nutrition of skin, etc., depends on the integrity of the

sensory and motor nerve-fibres, the cornea ulcerates and trophic ulcers

occur in skin and mucous membrane as the result of an irritative and not a

destructive lesion. The teeth certainly tend to loosen and decay when
their nerve -supply is cut off, and therefore the fifth nerve is essential

for their healthy existence ; so that a destructive lesion of the superior

maxillary or inferior dental nerves would, as far as they are concerned, be
followed by quite as serious consequences as an irritative.

The tongue is supplied with common sensibility by the fifth nerve,

while taste is supplied to the anterior two-thirds of the tongue by fibres

reaching the lingual nerve by the chorda tympani and to the posterior one-

third by the glosso-pharyngeal. It should be noted, however, that clinical

evidence strongly supports the belief that all these taste fibres eventually

enter the pons of the sensory root of the fifth nerve.

The nasal mucous membrane, the lachrymal apparatus, and the glandular
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structures in nose and mouth, are supplied by the fifth, therefore in lesions

of the nerve the eyes may suffer from lack of tears, while smell and taste

may be considerably interfered with, although the olfactory and gustatory

nerve-fibres are unaffected.

Paralysis of the Nerve or its Branches

Etiology.—Paralysis of the fifth may be of central origin. Haemorrhage,
softening, and tumours of various kinds may damage the cortical centres,

with regard to which we can say that we can at present locate the motor only,

the fibres between cortex and nuclei, the nuclei, the ascending root ; and
the motor nuclei may be affected in chronic bulbar paralysis. If the lesion

is confined to the pons, then the sensory and motor fibres of the nerve may
be involved ; while in diseases of the cord, in which the nerve may be
affected, such as locomotor ataxia and syringomyelia, the sensory fibres

alone suffer.

The nerve as a whole may be involved by meningeal inflammation, by
tuberculous, syphilitic, or other tumours, and by caries of the temporal bone.

A primary neuritis is seldom met with affecting this nerve, and it has
only occurred in a few isolated cases, which have been described as of

rheumatic or gouty origin. The nerve very rarely suffers in alcoholic

or other form of peripheral neuritis. But neuritis of the fifth may be
secondary to many conditions, injuries, tumours, local inflammation,

and the like, and may affect the nerve as a whole, or one or other of its

branches.

While all the three branches may suffer from meningeal inflammation,

tumours, or injuries in the middle fossa, and perhaps specially fracture of

the base of the skull, the first branch is liable to damage from intraorbital

tumours and so forth, and may be involved by an aneurysm springing

from the internal carotid in the neighbourhood of the nerve, or from tumours
of the pituitary body. All the branches may be injured by cuts or super-

ficial lesions.

Clinical Features.—Paralysis of Motor Fibres.—If there is unilateral

paralysis then mastication is weak on the affected side, and when the fingers

are placed over the muscles, and the attempt is made to close the jaws, then
the weak, flabby temporal and masseter muscles contrast sharply with the

firmly-contracted muscles on the healthy side. The pterygoid muscles act

on one side alone, and when the mouth is opened the lower jaw is deflected

towards the paralysed side, and lateral movements of the jaw can only be

made towards and not away from the affected side.

Usually electrical changes occur in the affected muscles, sometimes
including the reaction of degeneration, and eventually the muscles waste.

This wasting causes flattening of the temporal and zygomatic fossae, and
muscular shortening may develop, limiting somewhat the extent to which
the mouth can be opened. Kemak describes subluxation of the lower jaw on
the affected side, when the mouth is opened, but this has not been generally

noted.

No definite phenomena indicating paralysis of the mylohyoid and
posterior belly of the digastric muscles can be made out, unless it be that

the floor of the mouth is less resistant on the affected side when tested with
the finger (Oppenheim). Miiller and Schmidt believe that the palatal arch

droops on the paralysed side, but Gowers and the majority of neurologists

doubt the existence of any definite manifestation of paralysis of the tensor

palati, although they believe that the muscle derives its nerve-supply
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from the fifth. Similarly in no recorded case has any definite symptom
resulting from paralysis of the tensor tympani been observed.

In cases where the paralysis is bilateral, the lower jaw cannot be firmly
opposed to the upper.

Eeferring for a moment to the etiology of masticatory paralysis as an

inferior
MAXtLUAfOf
DIVISION.

Diagrammatic representation of the three divisions of the fifth nerve with their principal branches.

isolated lesion of the fifth, haemorrhage, areas of softening and tumours in

the pons have produced it, but there are few if any cases recorded in which

a definite limited cortical or subcortical lesion has caused the condition.

Turner mentions several cases recorded by Barlow, Dalmont, and Kirchoff,

but in these the lesions and the paralysis resulting therefrom were very

extensive. Masticatory paralysis is far more commonly dependent on a

peripheral than on a central lesion.

Paralysis of the Sensory Fibres.—The sequence and the extent of the

phenomena vary considerably, mainly dependent upon the nature of the

lesion. If the lesion is of an irritating nature, or of slow onset, pain may
be the first symptom, sharp or burning, and often referred to the distribution
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of the affected branch or branches of the nerve, with generally marked
painful points along the line of the nerve.

The skin may be hyperaesthetic especially to pain during this stage, and
this may last even after tactile sensibility has been diminished or lost (see

" Neuralgia ").

Pain may, however, be absent and anaesthesia may be the first symptom,
tactile sense first being affected. The muscles of expression become ansesthetic

as well as the skin, so that grimaces may be voluntarily made without

the individual being sensible of their performance. Contractions of facial

muscles are said to be slightly delayed in execution, probably from loss of

common sensation. The mucous membranes of the mouth, nose, and
tongue are ansesthetic on the affected side, and a well-known phenomenon
is the description given by the patient when drinking out of a cup, that he
feels as if it were broken on the paralysed side, and not infrequently the

anaesthetic mucous membrane of the cheek is bitten by the teeth, and the

bitten part heals abnormally slowly, and may even tend to ulcerate. The
patient does not chew with the affected half of his jaw because he is

unable to locate the food, and food is apt to accumulate between the teeth

and the cheek. The nasal mucous membrane becomes dry, and smell is in

time interfered with, due possibly to trophic changes in the olfactory cells,

possibly, however, as Krause and Majendi believe, because the fifth nerve

has a definite share in the recognition of the sense of smell. Sneezing cannot

be induced by stimulation of the affected nostril.

The ocular conjunctiva may be ansesthetic, and tears do not flow from

the affected eye. Where this occurs it has been thought to depend on a

lesion either at or peripheral to the spheno-palatine ganglion. The con-

junctival reflex is also lost.

Special reference will be made to common sensibility of the tongue

along with changes in taste sensation later, meanwhile it is only necessary

to state that as the whole of the tongue, the palate, and fauces derive their

common sensibility from the fifth, there may be unilateral anaesthesia,

sometimes complete, but not infrequently inexplicably limited to the

anterior two-thirds of the tongue.

There are also marked trophic and vaso-motor disturbances due to

affections of the sensory fibres of the trigeminus, some of which have given

rise to much discussion. Not infrequently a herpetic eruption appears along

the line of the supraorbital branch, probably due to a neuritis, and which
may in exceptional cases be of great severity, causing intense pain and
associated with iritis even and sometimes corneal ulceration. Perhaps

an even commoner herpetic eruption found in the domain of the fifth nerve

is that which occurs in the lips, herpes labialis, and which is so often

associated with ordinary coryza and lobar pneumonia. Trophic phenomena
vary according as the lesion is an irritative or destructive one, and the

herpetic eruption as above described is a good example of the former.

Diminution of nasal and lachrymal secretions has been already referred

to, and along with the salivary such diminution is the result of a destructive

lesion, while a temporary excessive flow may follow an irritative. It is

stated that the affected side of the face is often paler owing to diminished

vascularity, but the writer has never observed this phenomenon.
Progressive neuro-paralytic ophthalmia, or a condition beginning with

dryness of the cornea, then opacity, and later ulceration which may eventually

cause perforation and lead to panophthalmitis, is the most disputed pheno-

menon met with in some affections of the first branch of the trigeminal

nerve. It was thought at one time (Majendie) that section of the nerve
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would result in such trophic disturbance, but experimental evidence, now
amply supported by undoubted clinical data, demonstrates that it is the

result of irritation and not destruction of the ophthalmic division of the fifth,

or possibly in some cases irritation of the Gasserian ganglion. It might be

supposed that an insensitive cornea should be readily injured by foreign

bodies, and aided by the diminished flow of the lachrymal secretion, but this

is not demonstrated by clinical facts. Still, when as already mentioned the

mucous membrane of the affected cheek is bitten accidentally, healing is

slow and ulceration is not uncommon, it does seem as if the fifth was a

trophic nerve. Meissner has suggested that the keratitis is due to section

or possibly irritation of a definite bundle of trophic fibres which are situated

near the inner side of the Gasserian ganglion,and then pass into the ophthalmic

division of the fifth; but on the other hand, the numerous successful operations

for relief of trigeminal neuralgia by removal of the Gasserian ganglion without

the production of any progressive keratitis, and the experiments of Ferrier

and Turner on monkeys, confute any such statement. The neuro-paralytic

keratitis is only due to irritation, and probably only when the irritant is of

a very virulent nature, such as might be produced in a septic wound
exposing the nerve or ganglion, or where a tumour presses on the nerve.

If this is true the condition must be the result of a neuritis (see " Cornea ").

The Prognosis depends entirely on the nature of each case. It has

been impossible to describe separately lesions which are purely irritative and
those which are destructive.

Irritative phenomena are often succeeded by those which are destructive

or paralytic, and the evidence of complete destruction of a branch or of the

whole nerve is always ominous. Where the motor fibres are affected

incomplete reaction of degeneration, and specially the continuance of

reaction with the faradic current, are favourable signs.

Diagnosis.—The diagnosis of peripheral lesions which give definite

irritative or paralytic phenomena is easy, and a knowledge of the course and

functions of each of the three branches enables us to localise the position,

and to guess at the nature of the disease. Anaesthesia limited to the area sup-

plied by the first division, and especially if there coexists unilateral ocular

paralysis, suggests a lesion either at the sphenoidal fissure or in the orbit.

Anaesthesia of the area supplied by the second division suggests a lesion

at the spheno-maxillary fissure, or in the superior maxillary bone. A com-

plete lesion of the third division rarely occurs alone. The second and third

divisions may be affected without the first in disease at the spheno-maxillary

fissure or in the sphenoid bone. Complete anaesthesia of all the areas

supplied by the three divisions of the trigeminus, and without the motor

root being implicated, would point to a lesion of the sensory root between

the Gasserian ganglion and the pons, or possibly a very localised pontine

lesion, supposing that there were no impairment of sensory or motor function

in the limbs. The motor root is closely related to the sensory, so that it

must be admitted that a lesion of the Gasserian ganglion, or of the sensory

root between the ganglion and the pons, could hardly fail to implicate the

motor fibres.

Passing backwards to the pons, the sixth nerve emerges at no great

distance from the fifth, and complete paralysis of the two nerves definitely

locates the lesion at the pons.

Where the fifth is paralysed on one side, and the arm and leg on the

opposite side, the lesion is pontine and below the decussation of the fibres

of the fifth, whereas if trigeminal anaesthesia occurs on the same side as

anaesthesia of the limbs, the lesion may be in the upper part of the pons,
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the crura cerebri, or posterior part of the posterior limb of the internal

capsule. Gowers states "that the associated paralysis of the conjugate
movements of both eyes towards the side of the lesion is conclusive evidence
of disease within the pons."

In conclusion, pain due to an irritative lesion of the fifth or one of its

branches is more persistent than a mere functional neuralgia can ever be,

and the addition of anaesthesia may clear up a case otherwise doubtful.

Treatment.—Once the lesion has been localised, then the next step is

to attempt its removal where this is possible.

Where syphilis is a probable cause, suitable and prompt treatment should

be commenced. Pain should be soothed by fomentations and poultices, but
the utmost care must be taken of the skin, which is easily damaged by too

hot applications. Blistering or counter-irritation should be limited to skin

not supplied by any branches of the affected nerve, and therefore such
treatment is generally undesirable. Sedatives internally, such as opium,
gelseminum, and chloral, and locally, such as morphia and cocaine, may be
required.

Faradic or galvanic stimulation is often useful where the nerve-fibres

are not affected beyond hope of recovery, or where recovery of power of

conducting impulses is actually in progress. Strychnine hypodermically
injected near the affected nerve has been found useful in a few cases.

When there is the smallest reason to suspect that there is progressive

neuritis present, by which term inflammation in the nerve is implied, then
absolute rest should be enjoined, and electricity and such remedies as

strychnine must on no account be used.

Affections of Taste

It may not be out of place to remind the reader that the sense of taste

is specially acute at the root of the tongue along the line of the circum-

vallate papillae, in front of the anterior pillar of the fauces, along the

edges, and at the tip of the tongue, and that the dorsum is a much less

sensitive surface. Certain parts of the gustatory mucous membrane appear

to be peculiarly adapted for the recognition of special qualities of taste, such

as bitterness and sweetness which are most easily appreciated with the back
of the tongue, and sourness and saltness which are better recognised at the

tip and edges.

It must also be remembered that acuteness of taste varies in different

individuals, and becomes dulled with the advance of old age. Sugar, salt,

quinine, citric acid, but specially a weak galvanic current, are good methods of

testing the sense of taste. The tongue should be protruded, and a little of

the powder, or, better still, a fairly strong solution, rubbed upon the part of

the organ to be tested. Eecognition of the quality of the substance tasted

should be indicated by signs or in writing. No substance should be used

which stimulates nerve-endings subserving common sensation. If galvanism

is used, two wire electrodes connected with one or at most two cells should

be placed very close together on the tongue, when, if gustatory sensation is

intact, a peculiar metallic taste is at once felt by the patient. This is an

accurate method, and one of very easy application.

A weak current should invariably be used, because pain is inevitably

experienced where a strong current is employed, and this must obscure an

otherwise accurate test for taste sensation. One great advantage obtained

by using a weak galvanic current is, that it alone gives an absolutely

temporary sensation, whereas salt, sugar, etc. all leave for a considerable
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period of time a more or less lasting taste impression, thus greatly pro-
tracting the examination and even rendering accurate diagnosis difficult.

Perhaps an even better method of employing the galvanic current has
been suggested by Neumann. It consists in placing the neutral electrode
on the sternum, and the pointed diagnostic electrode is then applied to the
tongue. With the positive pole or anode an acid sensation is experienced,
while with the negative or cathode it is alkaline.

The tongue, the soft palate, the fauces, and the buccal surface of
the epiglottis contain the peripheral taste organs. The anterior two-thirds
of the tongue is supplied by taste fibres through the chorda tympani
nerve, the posterior third by the glossopharyngeal, and the soft palate and
fauces by branches from Meckel's ganglion. It seems probable, however,
that all the taste fibres, for the tongue at least, pass eventually into the
sensory root of the fifth.

The fibres for the anterior two-thirds of the tongue are distributed to

that organ by the lingual branch of the fifth, from which they pass into the
chorda tympani, thence to the seventh, thence they pass by the great
superficial petrosal and vidian nerves to the sensory root of the fifth.

An isolated case recorded by Ferguson, in which an exostosis pressed
upon and destroyed the left vidian nerve, proves the course taken by these
fibres with considerable definiteness. It produced both loss of taste in the
left half of the anterior two-thirds of the tongue and descending degenera-
tion in the great superficial petrosal nerve, which could be traced through
the geniculate ganglion, thence into the facial, thence into the chorda tympani,
and finally into the lingual nerves.

The fibres for the posterior third of the tongue, which are distributed by
the glosso-pharyngeal nerve, probably leave that nerve by the nerve of
Jacobson, and then by the small superficial petrosal nerve reach the otic

ganglion, and thence pass into the third division of the fifth.

Erb, Schiff, Vulpian, Gowers, and others have recorded cases and
experiments which go to prove that lesions of the root of the fifth cause loss

of taste, and especially is there strong evidence with regard to the anterior

two-thirds of the tongue. But on the other hand it is difficult to explain
many contradictory statements as to the branch or branches of the fifth

which convey taste fibres. There is loss of taste with a lesion of the first

and second divisions only, while with no loss of taste sensations there have
been either (1) a lesion of the third division only, or (2) the first and second
divisions only. So far, however, taste sensations are obviously carried by
the second or third branch of the fifth, or perhaps both, and the taste fibres

are unquestionably present in the root of the nerve, although it is probable
that the glosso-pharyngeal fibres may pass into the roots of that nerve, or as

stated above by Jacobson's nerve join the third division of the fifth. Once
the taste fibres have reached the pons there is much doubt as to their future
course, they certainly decussate, and they probably pass to the taste centre,

believed to be situated at the tip of the temporo-sphenoidal lobe.

Loss of taste may occur as a part of hemianeesthesia in a lesion of the
internal capsule or brain, but it is more complete and certainly more
definitely limited when the lesion is one of the nerve or nerves conveying
gustatory fibres.

Hysteria may be responsible for loss of taste, but in it, as in some cases

of hemiansesthesia, there is less definiteness than a peripheral lesion gives,

and the abnormality is not infrequently rather limited to want of true

perception of certain taste impressions while others are retained intact,

than to absolute ageusia.
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It may not be amiss to refer here to perversion of taste and other

functional abnormalities, and in concluding this section to describe the

close relationships of smell and taste.

Hypersensitiveness for taste sensations, or hypergeusia as it is called,

may be the result of irritation of gustatory nerve-fibres. Such hypergeusia

has been induced by aural disease, probably as the result of stimulation of

the chorda tympani nerve, and generally such taste impressions are of an

unpleasant character. It is also certain that changes in the mucous
membrane in which the taste bulbs are situated may be responsible for

both partial loss of taste and hypergeusia. Certainly in hysteria it seems

most probable that as the pharynx is often ansesthetic, the local functional

changes may include local interference with taste perception.

Parageusia, or perversion of taste, is by no means uncommon in hysteria

and in insanity, but it must in most if not all these cases be placed in the

category of delusions, and therefore hardly demands further discussion

here. Occasionally the aura of an epileptic seizure is gustatory, and may
be either a powerful taste perception of some ordinary kind, indicating that

the producing factor must be powerful irritation of the cells in the cerebral

taste centre, less likely the gustatory nerve-fibres, or not infrequently the

aura belongs to the order of totally abnormal taste impressions.

It has for many years been recognised that the senses of smell and taste

are closely associated together, and many of the sensations which we are in

the habit of calling taste impressions are in reality appreciated by the

olfactory sense. Thus the enjoyment afforded by the aroma of a good

vintage port, or the flavouring agent in any savoury dish, is almost entirely

dependent upon our sense of smell; and where smell is lost, all such

perception is lost with it ; while on the other hand, sweetness, saltness,

sourness, and bitterness may still in a case of this kind be appreciated by

the sense of taste.

Atrophic rhinitis, occlusion of the nose or olfactory clefts, are common
causes of anosmia, and in such cases taste must suffer. It is a frequent

experience in practice to find patients who have lost their sense of smell

complaining of greatly impaired enjoyment of the pleasures of the table.

In one case which the author can recall to memory, as the result of atrophic

rhinitis and consequent anosmia, so vitiated was the taste perception, that

highly-tainted fish was eaten with relish, the patient in no way being

sensible of its objectionable qualities.

It is important to remember that where anosmia has been of long stand-

ing, from whatever case it may arise, recovery is extremely improbable.

It is unnecessary to add any further remarks with regard to prognosis

or diagnosis.

The treatment of an affection of taste implies removal of the causal

agent if possible. In some cases galvanism has been recommended, one

electrode being placed behind the mastoid process, and the other, a fiat plate

of metal, being applied to the tongue, but such treatment is only likely to

be beneficial in a very limited number of cases.

Spasm of the Muscles of Mastication

These spasms may be tonic or clonic, and are generally rather symptom-

atic than constituting in themselves a separate disease.

Tonic spasms occur in tetanus, where the lower jaw may be absolutely

rigid, and the muscular contraction so excessive as to be painful.

Tonic spasms may also occur in severe cases of tetany and in hysteria.
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Tonic spasm is not very uncommon as the result of the irritation of first

dentition or caries of a tooth, and specially, it is said, the last molar may
cause the condition in both the infant and the adult. Pontine tumours,

haemorrhages, or areas of softening occasionally induce very persistent and
distressing spasm, apparently from irritation of the cells constituting the

motor nucleus of the fifth nerve, but other nerves or nuclei are generally

involved in addition.

Clonic spasms of the masticatory muscles occur in most conditions

where other muscles are similarly affected, as in convulsive seizures of all

sorts, and they also occur in rigors, when the teeth are said to " chatter," in

excessive demonstrations of fear, under the effect of extreme cold, and some-
times in paralysis agitans and kindred conditions. Isolated spasms are

met with in chorea, where the teeth may be snapped together, sometimes
biting the tongue, and that without any warning to the patient.

The prognosis depends on the nature of the spasm, and would include

that of many different diseases, such as tetanus, epilepsy, etc.

The diagnosis is easy. It is only necessary to remember that tumours
and inflammatory or other swellings near the articulation of the lower jaw
may prevent movement, and that there are cases of rheumatoid arthritis in

which the joint may participate in the changes generally better marked
elsewhere, and may eventually become more or less fixed.

Treatment.—If possible we must aim at the removal of the cause of the

spasm, whether tonic or clonic. Local blisters are often efficacious in

hysterical cases, and bromides and other sedative remedies are worthy of

trial in all cases in which hysteria can be excluded. Hot baths are generally

most serviceable, and the galvanic current may be employed, with benefit in

some cases, one pole on the back of the neck and the other over the affected

muscles. Feeding may have to be carried on in severe tonic cases by means
of a tube introduced through any gap in the teeth, or a tooth may have to

be extracted or cut over, so as to permit of such feeding.
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Introductory.—Though the term " filariasis " has been usually applied in

medical works only to diseases due to Filaria Bancrqfti, it appears advisable

so to extend the term that it may include all diseases, both of man and
animals, which are due to the presence and action of filarise. Eecently, the

term " malaria " has been similarly extended so as to include a number of

diseases of animals caused by parasites more or less similar to those of

human malaria, and in both cases the adoption of such a collective term
seems advantageous. There is certainly no valid reason why one disease

due to filarise should be called filariasis to the exclusion of others. In the

following article most attention has naturally been given to the filarial

parasites affecting man, but it also seemed desirable to include some of the

more important filarise affecting animals. The latter are not included

merely because of their scientific interest, but on the ground that the

establishment of facts concerning some of them may possibly serve as a

guide and stimulus to further researches on the biology of the parasites

affecting man. Moreover, certain filarise (F. medinensis, F. inermis) are

parasites common to man and certain animals.

The filarise inhabit chiefly the blood-vessels, lymphatics, connective

tissue, and serous cavities of their host. In many cases their mode of

development is unknown, whilst in others it has been clearly established

that they complete their life cycle through parasitism in two sets of hosts.

The host in which the filaria reaches full maturity and gives birth to its

offspring is known as the definitive host, the other host being known as the

intermediary or secondary host. "We have examples of this double parasitism

in F. Bancrqfti, which is a parasite of man and certain species of Oulex

;

in F. recondita, which is parasitic in dogs, and also in fleas and a certain
,

species of tick ; F. rytipleurites, affecting the rat and the cockroach

;

F. uncinata, harboured both by ducks and by a small crustacean. In these

examples the definitive host will be found named before the intermediary

host. Eeasoning from analogy, it may safely be laid down, as a general

rule, for most of these parasites that may require two hosts for their com-

plete development, the secondary host is usually to be sought for amongst

insects, Crustacea, or the like. There is a wide field of work open to

investigators, as many of the secondary hosts have still to be discovered,

and with their discovery a more accurate knowledge will be gained with

regard to the mode of infection. Attractive as it may seem, the task is

undoubtedly fraught with many practical difficulties. Eailliet's nomen-
clature has been largely followed. It will be observed that certain worms
have numerous synonyms ; this, however, need not lead to confusion, as the

name generally adopted by leading authorities is given precedence.

General Characters of the Filarle.— The genus Filaria (0. F.
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Midler, 1787) comprises a large number of species which possess the
following characters :—The worms are filiform, having a fairly uniform
transverse measurement throughout their entire length, though some taper
off gradually toward both extremities. The cephalic extremity is rounded,
the mouth being often of simple construction. The males are, as a rule,

markedly smaller than the females and have a recurved or spiral tail, the

latter being at times furnished with lateral membranous outgrowths, whilst

they usually possess four preanal and a variable number of postanal papillae,

and spicules which generally vary both as regards appearance and size.

In the female worms the vulval aperture is more or less in the vicinity

of the mouth.

FlLAKLE AFFECTING MAN OK MAN AND ANIMALS

I. Filaria Bancrofti, Cobbold, 1877. Syn. : Trichina cystica, Salisbury,

1868 ; F sanguinis hominis, Lewis, 1872 ; F. dermathemica, Da Silva

Aranjo, 1875 ; F. Wuchereri, Da Silva Lima, 1877 ; F. sang. horn, nocturna,

Manson, 1891.—The adult worm was first found by Bancroft (1876) in a

lymphatic abscess of the arm and subsequently in a hydrocele, the discovery

being confirmed by Lewis, Aranjo, and Manson. The last named found
that it normally inhabits the lymphatic vessels, the embryos, and also at

times the adult worms, gaining access to the circulation through the thoracic

duct. The sexes are usually found together, six to seven worms lying inter-

twined (Maitland), or the parasites lie stretched out along the length of

the vessels. The Filaria sanguinis hominis, the embryonal form of F.

Bancrofti, was first observed by Demarquay of Paris (1863) in a man from
Havana who suffered from chylocele. It was discovered in the blood and
named accordingly by Lewis (1872) in India. Since then it has been
established that such embryos may belong to different species, and Manson
has suggested the necessity of distinguishmg them by appropriate names,
even though the parent forms are unknown. (See F. diurna, joerstans,

etc.) Wucherer (1866) found the embryos in the urine of a case of tropical

chyluria, and Lewis and many other observers found them, not only in

the blood, but even in the tears and secretion of the Meibomian glands in

cases of chyluria, elephantiasis, or in apparently healthy subjects.

Morphology.—The adult parasite (see Plates accompanying this article)

is filiform, actively motile, whitish and opaline in colour, with gradually

tapering ends which terminate bluntly. Mouth terminal and simple. The
male is 70-80 mm. long by 0'407 mm. broad, the delicate tail forming one
or several spiral turns. According to Eailliet and von Linstow (see Plate),

it possesses four pairs of papillae (Manson says positively that they have
not been seen), and a single unpaired papilliform projection situated preanally,

four (Manson says three) post-anal papillae and two unequal spicules,

one measuring 170 //,. The female measures 155 mm. (Manson gives 94
mm.) by 0*715 mm., the vulva 2*56 mm. (Manson gives 1*2 mm.), from
the cephalic extremity. The discrepancies in the measurements given by
these authors are doubtless due to different modes of preparation. The
vagina is very short and bifurcates into two uterine horns which run back
nearly to the tail and are filled with embryos in all stages of development.
The eggs, which are normally found only in the upper part of the uterine

tubes, measure 38 //, by 14 p. The embryos, which are found in the
lower part of the uterus and vagina of the parent worm as also in the
host's circulation, are 270-340 //, long by 7-11 /* broad, and are enclosed
in a delicate membrane (remains of vitelline membrane, according to

vol. in 30
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Manson), which does not impede the rapid and active movements of the

worm. Owing to the retraction of the worm at either end the loose

membrane may present the appearance of a lash. The tail measures about

one-fifth of the entire length of the entire worm. An ill-defined granular

aggregation situated axially at the juncture of the middle and posterior

third of its body represents the developing intestine, which is rendered

clear by staining. At a short distance behind the head a luminous

V-shaped spot (water-vascular system ?) is visible, the apex opening out-

wardly. A similar but smaller spot is observable near the tail end and

the cephalic armatures, the latter consisting of a " retractile and protractile

six-lipped prepuce, covering and uncovering a thick, hemispherical pro-

boscis, which is further provided with a minute, filiform, protrusible, apical

spine " (Manson).

These embryos will remain alive for days in a blood-preparation which

has been sealed with vaseline and kept at room temperature. The unstained

embryo is best studied when the movements begin to grow sluggish.

Examination of Blood for Embryos.—Their presence in the blood is

conveniently determined by spreading a blood-film on a slide or cover-glass,

drying it in the air, and staining with ordinary aniline stains. Manson
recommends the making of thick blood films, as this facilitates the finding

of embryos when few are present. It is best to examine blood which has

been drawn at 8 to 9 p.m., when the parasites are more numerous. The
preparation need not be fixed before staining. With this treatment the

haemoglobin is dissolved out in the dye, and only the parasites and the

nuclei of the leucocytes are seen to be deeply stained. The stain (fuchsin,

gentian-violet, etc.) is prepared by adding 2-5 drops of a concentrated

alcoholic solution of the dye to a watch-glass filled with water. If over-

stained, decolorise with dilute acetic acid. Unstained dry films may be

kept indefinitely. An immersion-lens is requisite for the study of finer

details.

Geographical Distribution.—The F. Bancrofti is very common in warm
climates, especially in certain districts in tropical and sub-tropical countries.

It has been observed in India (Lewis), China (Manson), Japan (Scheube,

Baelz, etc.), Australia as far south as Brisbane (Bancroft), New Caledonia,

it is particularly prevalent in certain of the South Pacific Islands, such as

Samoa (50 per cent of people affected, Manson) and Fiji, etc., in the southern

United States of America (Guiteras, Matas, Mastin, de Saussure, Slaughter,

Henry), and West Indies, Guiana (Winckel, etc.), Buenos Ayres (Wernicke)

and Brazil Egypt (Sonsino), Soudan and Algeria (Cauvet), on the Zambesi

and Lake Nyassa, the Zanzibar Coast (Felkin), Old Calabar, Dahomey,

Madagascar, Mauritius and Eeunion, etc.

Development.—The idea that the mosquito might serve as a carrier of the

Filaria noctuma occurred almost simultaneously to Bancroft and Manson, but it

was reserved for the latter (1878) to establish the important fact that the

embryos of F. Bancrofti undergo developmental changes in mosquitoes which

have ingested blood containing them. Manson allowed mosquitoes to infect

themselves by sucking the blood of filarial subjects and observed the changes

which took place from day to day. At first the embryos, enclosed in their

delicate membrane, are almost structureless when viewed unstained. Later the

tube separates from the body, giving rise to a double contour, whilst the embryo
exhibits very much more marked transverse striation. The sheath is then

ruptured by the worm, which butts against it with its cephalic extremity. After

rupturing the sheath, the embryo bores through the stomach-wall of the insect

and finds its way into the thoracic muscles, where it undergoes the following

developmental changes :—It first becomes more markedly striated, then less so, the

striation gives place to a granular appearance, and the movements slow down.
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After 36 hours movement ceases, the worm grows short and broad, the granules
finer. By the end of the third day the tail appears to spring abruptly from the
end of the sausage-shaped body, and large cells may be distinguished in the
hitherto homogeneous protoplasm, whilst it sometimes exhibits a double contour.
Indications of a mouth are seen, and, through pressure applied to the cover-glass,
of an anus a little in advance of the tail. The worm now becomes elongated,
the mouth acquires its papillae, and the alimentary canal is indicated by a delicate
line running from mouth to anus. Movement at this stage is feeble, being confined
to the caudal appendix, which gradually disappears. As most mosquitoes died
(from want of feeding, see below) on the 4-5th day after their last meal, later
developmental stages were only observed in a few instances. In four cases a
high degree of development was reached, the parasite being visible to the
naked eye and measuring ^ of an inch in length by ^h- in breadth, whereas
the original embryos only measured ^ of an inch. The large cells within
the worm have now become smaller and are gathered around the dark line
representing the alimentary canal. The characteristic valve -like termination
in the intestine is developed ; the mouth is open and funnel-shaped, and the tail
reduced to a stump. The movements now become brisker, the body elongates,
all cellular appearance vanishes, and owing to the increased transparency of the
tissues, the details, except a line indicating the intestine, can no longer be made
out. The tapered caudal extremity is crowned by papillae, Manson (1883) being
unable to determine if there were three or four. In this, presumably the last stage
of development within the mosquito, the parasite "becomes endowed with
marvellous power and activity. It rushes about the field, forcing obstacles aside,
moving indifferently at either end, and appears quite at home, and in no way
inconvenienced by the water in which it has just been immersed." It has been
assumed that the worm bores its way out of the insect host at the time when the
female insect dies after laying her eggs in the water, and that man becomes
infected through drinking water containing filariae which have developed from
embryos to a condition approaching maturity in the mosquito. The filarise then
bore their way through the human intestine, and having found a suitable resting-
place, attain maturity ; when, fecundation having been effected, new swarms of
embryos are given off within the warm-blooded host, in this way completing the
cycle of development. Of the embryos that are taken up by the mosquito many
die and are digested or expelled in the faeces. Lewis (1878), who confirmed
Manson's observations, followed the development in the thoracic and abdominal
tissues of the insect, but he did not follow the development as far as Manson's latest
stage. Sonsino subsequently (1884) observed the development in Culex pipiens (?) in
Cairo, the parasite attaining the large form observed by Manson. He found that
fleas and bugs did not serve as intermediary hosts. It having been proved that
various species of mosquito can be kept alive for a considerably longer period
than that mentioned above, it seemed necessary to try and follow the develop-
ment, if possible, still further. Bancroft (1899) of Deception Bay, Queensland,
the son of the discoverer of F. Bancrofti, reports that he has followed out the
development of the filaria in mosquitoes. He was able to keep Culex ciliaris
alive for two months by feeding them on bananas after they had sucked filarial

blood. In his experiments, the development took place more slowly than with
Manson, the last stage being only reached on the 16-1 7th day, and in "cold"
weather on the 28-35th day. Though he does not give the temperature at which the
mosquitoes were kept, it seems probable to the writer that it was owing to the low
temperature that the development took place so slowly. The unimpregnated
mosquito lived longest, the impregnated lived 2-3 weeks. Bancroft states that the
embryos wander into the body of the insect, chiefly into the thoracic muscles,
immediately after they have been sucked up in the blood. Some embryos remain
behind, lose their sheath, become transversely striated, and show other signs
which he refers to osmosis and the effects of digestion through the insect's
secretions. We have seen that Manson described these as developmental
forms. All the filariated mosquitoes (20) examined after 16-60 days contained
filariae, the number of worms present being 3-25. The insects were apparently
uninjured through the filariae. On tearing open the body of such insects under
water the filariae were liberated. They wriggled about actively but did not
move—after 3-4 hours they had died. In mosquitoes that had died a natural death
the filariae were found dead after 24 hours. He never observed that the filariae

escaped from the insect's body. It seems probable from this that infection may
occur (as is the case with certain other parasites) through the whole infected insect
being swallowed. Bancroft quotes authority for the statement that C. ciliaris
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appears to have been introduced into Australia, and writes :
" It will not go wild,

but always frequents habitations, breeding in receptacles holding water in and
about the house." Working with other species of mosquito, Bancroft found that
the parasites did not grow in C. notoscriptus (Skuse), nor in C. annulirostris (Skuse).

In the first species none left the stomach, in the second a few wandered out, but
died, and were absorbed after being two days in the muscles. C. hispidosus (Skuse)

and C. vigilax (Skuse) lived about seven days in confinement, and contained no
filarise after that time. C. nigrothorax (Macquart), C.procax (Skuse) and Anopheles
musivus (Skuse) only remained alive three days, the filarial being observed to

wander into the thoracic muscles of the last-named species. In a footnote he
advances the unlikely hypothesis that infection might take place when the insect

containing the large developed forms is sucking blood, the warm blood entering

its body, stimulating the worm, which bores its way into the oesophagus of the
insect, and passes out through the proboscis into the warm-blooded host.

Henry (1896) found the embryos lived 3-4 days in blood ingested by leeches,

whilst they remained alive for ten days in blood kept in a cold room. They
were not killed by exposure to a temperature of 0° C. for several days. Manson
states that the throwing-off of the enveloping membrane may be observed on the

slide by chilling it for 6-8 hours in a refrigerator and then warming up the slide.

Pekiodicity.—Manson (1881) and afterwards Mackenzie, and Myers in

the same year, found that the filarial embryos appeared and disappeared

periodically from the blood. Manson " watched it preserve its rhythm for

a month on end," that is, the filarise appeared towards evening, increased

in numbers during the night, and decreased in the morning. Mackenzie,

who studied a case in London, found that if the filarial patient was kept

up all night and allowed to sleep during the day the filarial periodicity

above referred to was reversed, that is, the parasites appeared in the

blood during the day and disappeared at night. Myers states that the

embryos in the blood are very active in the earlier part of the night, and

that they then grow torpid and feeble, being shrivelled and straightened

out when disappearing. Manson denies the accuracy of this statement.

He thought that new embryos were produced by the parent worm at regular

intervals, and that they die off in the blood. The fact has, however, been

established by Manson that the embryos are given off constantly into the

lymph-stream. In a post-mortem examination made on a filarial patient who
had committed suicide by means of prussic acid at 8 A.M., it was found that

the lungs contained huge numbers of filarise, whilst there were fewer in the

carotids and heart-muscle. There were relatively very few elsewhere,

and they were almost completely absent from the spleen, liver, and bone-

marrow. This certainly suggests the possibility of their periodically finding

a resting-place in certain parts of the body (Manson 1899). The latter

author (1883) considers that " filarial periodicity is an adaptation of the

habits of the filaria to those of the mosquito, the intermediary host indis-

pensable to the future life of the parasite."

Pathogenetic Effects.—The various symptoms and pathogenetic effects

produced by this parasite have been included in most medical works

under the name of filariasis (see Introduction). The period of in-

cubation is of undetermined length. Of eighty-five persons exhibiting

blood-filarise, Manson found nine that were to all appearances healthy.

The frequency with which the parasite is found varies in different

places ; for instance, it is found in Amoy and Bahia in 10 per cent, in

Cochin in 30 per cent (Manson), in the Friendly Islands in 32'24 per

cent (Thorpe 1896), and in Samoa in 50 per cent of the population. This

probably depends upon the hygienic conditions (water-supply, etc.) under

which the natives live, and the prevalence of a suitable mosquito to

serve as a host. It has been estimated that the blood of a man may con-

tain forty to fifty million embryos, in spite of which the host in the majority
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of cases suffers no noticeable effects. In other cases the parasite brings

about a varicose condition of the lymphatics, producing a variety of

conditions known as chyluria, hsematochyluria, varicose groin glands,

lymph-scrotum, chylocele, orchitis, endemic lymphangitis, certain forms of

lymphorrhagia, and cellulitis, and probably endemic elephantiasis Arabum.
Chyluria and ILematochyluria occur intermittently and usually do

not produce any special disturbance in the general health. The urine may
be normal in quantity or increased in amount, and presents a milky, pinkish,

or bloody appearance. This may vary in the same case during the course

of the day. The urine may be normal in the morning, become chylous

during the day, or the reverse may be observed. The affection may persist

a long time. Osier cites a case of intermittent hsematochyluria lasting

eighteen years, the only inconvenience consisting in the occasional passage

of hsemoglobin-tinted chyle-clots (these often cause retention) formed in the

bladder, and the presence at times of uneasy sensations in the lumbar regions.

According to Manson a relapse is usually preceded by dragging, aching

sensations in the loins, groins, thighs, testes, and about the pelvis generally.

In women the disease may make its appearance after pregnancy, whilst in

man it often follows any physical exertion, though often no immediate

exciting cause can be determined. The patient may pass normal urine

during intervals, which last either weeks, months, or years. Where the

condition persists, symptoms of anaemia, including great debility and mental

depression, are observable. Death may be brought about by secondary

bacterial infection giving rise to deep-seated abscesses, etc. In a case

described by Mackenzie, the renal and peritoneal lymph-plexuses were

much enlarged, extending from the diaphragm to the pelvis, the thoracic

duct being occluded above the diaphragm. Chylous urine generally clots

quickly on standing, the coagulum as it contracts becoming pinker or

redder, the fluid separating into a greasy, cream-like pellicle containing

oil-globules and fatty granules, a middle layer composing the greater part

of the fluid and containing fatty matter, red blood corpuscles, lymph-cells,

a suspended coagulum, and, lastly, a slight dark-red sediment made up of

the corpuscular elements just mentioned, clots, epithelium, salts, and

usually some filarial embryos, these also being present in the clot, where,

as also in the deposit, a search for them is usually quickly rewarded.

Chylous urine becomes clear on the addition of ether, and on boiling gives

an albuminous precipitate. The diagnosis depends upon these characters

in the urine, and the presence of the parasites in urine and blood, etc.

Lymph-scrotum, according to Manson, is an affection which " is almost

a sure indication of the presence, actual or past,- of F. nodurna in the

lymphatics." In this disease the scrotum is more or less enlarged,

thickened, and covered with varicosities or with herpes-like vesicles

2-20 mm. across, the same containing a variable amount of serous, milky,

pinkish, or red fluid, which escapes on their being punctured and may
continue to drip for hours afterwards. The fluid coagulates on standing,

and is seen to contain lymph-cells and blood corpuscles, etc., and generally

living filarise, which are usually also present in the blood. The disease, which

is often complicated by orchitis, may last for years, inflammation and

febrile attacks occurring at intervals, and being followed by lymphous

discharge or abscess formation. The affection may coexist with chyluria,

varicose inguinal glands, and may be followed by elephantiasis.

Lymphangitis occurs especially in elephantiasis, varicose glands, and

lymph-scrotum, but is also frequently found in other forms of filarial

disease. It may be limited to the abdominal organs, the inguinal glands,
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the testes, or spermatic cord. In the limbs it causes painful cord-like

swelling about the glands and adjacent lymphatic vessels, the skin and
connective tissue of the part becoming tense and inflamed. The attacks

are characterised by prolonged and severe rigor, followed by high fever,

and accompanied by headache, anorexia, and at times by delirium and
vomiting. The attack may subside after a few days, the tension of the

part being relieved by discharge of lymph through the skin. Some thicken-

ing of the tissues affected is always noticeable after such an attack, the

conclusion of which is usually ushered in by copious sweating. The
attacks of lymphangitis may occur with considerable regularity. Tor
instance, in a case reported by Young (1897), the patient affirmed that

the attacks had recurred every three months during the preceding six

years.

Varicose Inguinal Glands (the axillary glands are rarely affected)

are often associated with lymph-scrotum ; they occur at times with chylous

dropsy of the tunica vaginalis, with chyluria, or with all of these conditions.

The glands may be affected on one side or both, giving rise to hernia-like,

firm, lobulated, or fluctuating swellings, varying from the size of a walnut
to that of an ostrich egg. These swellings consist of dilated lymphatics,

the varicose condition extending into the pelvis and involving the

thoracic duct. Tapped by means of a hypodermic needle, a fluid similar

to that found in lymph-scrotum is obtained; this generally contains

filarise. These tumours, which give a dull note on percussion and little or

no impulse on coughing, disappear slowly on applying pressure, and are

reduced when the patient is placed in the horizontal posture. The
tumours are usually painless at first, only causing discomfort through
sensations of dragging and fulness, the same being aggravated by exercise

and standing or walking. They are, however, at times rendered very
painful through the occurrence of periadenitis.

Chylocele is a condition often associated with the above; here the

tunica vaginalis contains more or less milky or red fluid, such as has been

described above, whilst filarise are often present in the blood.

All of the affections just described are brought about, according to

Manson, by the occlusion of the thoracic duct, due to the presence or

effects of the filarise. The effects remain, but the worm may die. When
the duct becomes occluded, a stasis of chyle and lymph takes place in the

whole tributary system of the duct, and an attempt at the formation of

an anastomosis with the lymphatics draining the upper portion of the

body is made. To reach this anastomosis the contents of the duct must
run backwards by way of the pelvic, inguinal, upper femoral, and scrotal

lymphatics over the abdomen to the upper part of the body. The vessels

along the route of travel become varicose, and, depending upon where
they rupture, the conditions above referred to will be produced. " When
we tap a lymphatic varix of the scrotum or the groin, we tap the

anastomotic plexus by which the chyle, denied a route up the thoracic

duct, is finding its way to the circulation."

Elephantiasis arabum is frequently encountered in tropical countries,

but is practically unknown beyond 35° N". and S. latitude. Manson states

that 5 per cent of the population are affected in parts of Travancore,

nearly 50 per cent in Samoa and Huahine. The disease usually attacks

the legs or scrotum, or both, more rarely the arms, mammae, and female

genitalia. Manson (1894) and Thorpe (1896) state that a greater liability

to implication of the arms and breast is observable in the South Sea

Islands. The disease begins with lymphangitis, erysipelatoid inflammation
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of the integuments, "prolonged rigor, followed by high fever ending
within one or two days in diaphoresis," and " often in a sort of lymphous
weeping from the implicated skin " (Manson). The attacks recur at

intervals, and are followed by enlargement of the part, so that after some
years enormous hypertrophy of the skin and cellular tissue results, giving

rise to the "elephant-leg," which may measure 10-12 inches or more
across, or to enormous growth of the scrotum, so that the part may weigh
20-30, or even in extreme cases as much as 200 pounds. Diseased mammse
may hang down as far as the pubes or knee, whilst the hypertrophied labia

may weigh as much as 8 pounds. "When the scrotum is much enlarged,

it assumes a pyriform shape and rests on the ground. The integument of

the penis having gradually been drawn down, the glans reaming its

normal position, the latter comes to be situated at the bottom of a long

tube of skin which opens about half-way down the front of the scrotum.

The testes are often atrophied or deformed ; they are generally, though not

always, situated at the end of the greatly elongated cords, having been

carried down with the growth. Hydrocele is frequent. When, as occasion-

ally happens, the skin of the penis is affected, curious deformed enlarge-

ments resembling a ram's horn may result on the anterior surface of the

scrotum. Circumscribed patches of skin may also be affected by elephan-

tiasis. In old cases the skin is roughened and tuberose, in the case of

the leg great folds of skin form about the ankle, which retains some power
of motion. " The nails are rough and thick, the hairs in parts long and
coarse, sensation impaired, sweating defective, skin often dark. The leg is

not usually affected above the knee, the line of demarcation being either

sharp or more or less diffuse. Sections of the affected skin show the derma
and subcutaneous tissue to be greatly thickened, fibrous, and white, whilst

the deeper layers of the superficial fascia are converted into a loose,

yellowish, blubbery-looking dropsical tissue containing here and there

fibrous bands, many large veins and lymphatics. The sheaths of the large

vessels and nerves and the muscular aponeuroses are thickened, the under-

lying bones may be hypertrophied and rough, the lymphatic trunks

dilated, their radicles varicose and thinned " (Manson). The lymph-glands

are enlarged and fibrous. Large ulcers, abscesses, and gangrenous patches

may give rise to serious complications. That filarise bear an etiological

relation to elephantiasis arabum is claimed by Manson, who advances the

hypothesis that the condition is brought about by the blocking of the

lymphatic vessels through filarial ova and the effects consequent thereon.

He explains the fact of filarias being rarely found in elephantiasis as due

to their being unable to pass into the circulation through the blocked

lymphatics.
" Elephantoid Fever " is a term which has been applied by Fayrer to the

febrile attacks which accompany elephantoid disease, the fever recurring at

intervals of weeks, months, or years. Where the attacks recur frequently

they may lead to a false diagnosis of malaria, from which affection it

should, however, be readily distinguished by the local appearances, the

prolonged fever, as well as by the absence of the malarial parasite from the

blood, and the ineffectiveness of quinine.

Prophylaxis.—Water used for drinking purposes should be boiled or

filtered, and it is well to keep it stored in covered reservoirs so as

to exclude the possibility of its becoming infected through mosquitoes.

In this connection it is advisable to cite the observation made by Thorpe*

(1396), who states that 40 per cent of the male population at Nomuka
(Friendly Islands) are affected with filariss, the people there drinking the
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water from many small lakes about which mosquitoes swarm. The chiefs,

who keep their water-supply in covered tanks, very rarely or never acquire

the disease.

Treatment.—Methylene-blue (recommended by Austin Flint), quinine,

thymol, etc., exert no appreciable effect upon the blood-filarise. In chyluria

the patient should be kept in a recumbent position, and avoid fatty

food, restricting the use of water. "A single tumblerful of milk will

at once give ocular proof of the patency or otherwise of the rupture
in the varix. Not until clot and albumin have entirely disappeared,

and the milk test gives a negative result, should the patient be allowed to

quit the recumbent position " (Manson). It is well to give a saline aperient

from time to time. Manson recommends that varicose inguinal glands

should be left alone or supported by a bandage. Chyluria and elephantiasis

have been seen to follow operation. In lymphangitis rest, " elevation of

the affected part, cooling lotions or warm fomentations, mild aperients, opium
to relieve pain, and if tension is great, pricking or scarifying the swollen

area under suitable aseptic conditions," are recommended. Maitland (1897)
states that his experience has confirmed him in the opinion that " operative

measures are called for in many cases of lymphangitis of filarial origin.

Apart from the possibility of removing the parasites themselves, the opera-

tion itself relieves the patients from the annoyance caused by the recurring

attacks of inflammation which so frequently incapacitate them from carry-

ing on their duties. . . . Cases in which there have been attacks of

chyluria, or in which there is other evidence to show that the obstruction

to the circulation of lymph is seated high up, are not suitable for operation."

Maitland reports five cases, in four of which it is stated that the filarise

persisted or reappeared in the blood. Twenty-four cases had been operated

on in the Madras General Hospital during the preceding seven years. In
lymph-scrotum Manson advises the same general treatment as before, but
recommends excision when the condition is passing into confirmed elephan-

tiasis. In elephantiasis of the scrotum, when the tumour is large and
ungainly, removal of the scrotum, the penis and testes being retained, is

frequently resorted to (see " Scrotum "). In cases of elephantiasis of the

leg, rest, elevation, massage, and elastic bandaging are used. Mercurial
treatment has been found of benefit in early cases of good constitution. In
acute cases great relief is experienced after puncturing the distended limb
and allowing the pent-up effusion to escape.

II. Filaria Ozzardi, Manson, 1897.—This filaria was found by Manson
in blood sent him by Ozzard, the same having been obtained from
aboriginal Indians inhabiting the back country of British Guiana.

Elephantiasis, according to Ozzard, does not occur amongst these Indians,

and Manson (1898) has never found embryos of F. Bancrqfti in specimens
of blood sent him by Ozzard and Daniels from the back country, whilst

that parasite and elephantiasis occur along the littoral and in settled

districts. Manson found filarise in about 50 per cent of the blood specimens

sent him from these parts, whilst Daniels (1898) states that he found
filarise in 134 out of 231 (58 per cent) of the natives he examined. Manson
(1897), as also Ozzard and Daniels (1897), afterwards noted the occurrence

of blunt and sharp-tailed filarise, in the proportion of 5:1, in the blood of

these natives. We have here to deal with a mixed infection, the blunt-

tailed embryos belonging to F. perstans, the sharp-tailed to F. Ozzardi. The
name F. Ozzardi was originally given to both types of embryos, as Ozzard
and Daniels believed them to belong to one species. The embryos of F.
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Ozzardi (see Plate, p. 464) are sharp-tailed, sheathless, very small, measuring
0173-0-240 by 0-0043-0-005 mm. (Daniels). They move about in the field

as does F. perstans, and are also continuously present in the peripheral

circulation. In two post-mortem examinations made by Daniels (1898) on
natives who exhibited these embryos in their blood, he succeeded in finding

groups of mature filarise, chiefly females, in the upper part of the mesentery,
the fat at its base, and about the pancreas. In one of these cases they were,

moreover, found in the subpericardial fat. The male worms measured 45
by 0'06 mm., the females 70-80 by 012 mm. Daniels subsequently (1899)
found two sets of parental forms in a native whose blood contained the two
forms of embryos above referred to ; the one set of parents were similar to

those just described, the others are considered by Manson to be identical

with F. perstans, a parental form of which he observed in one of his cases

of sleeping-sickness from West Africa.

III. Filaria perstans, Manson, 1891.—Syn. : F. sanguinis hominis, var.

minor, Manson, 1891.—The free embryos (see Plate, p. 464) were discovered

before the adult forms. As their name indicates they are found continuously

in the blood, and do not exhibit any periodicity. They have no sheath, are

much smaller than the embryos of F. Bancrqfti or F. diurna, measuring on
an average -23 by 0*0045 mm. The dimensions vary with their movements.
Manson (1897) describes the embryos as follows :

—

" The thickest part of the body is about one-third of the distance back
from the head ; from this point it gradually slopes off to the abruptly trun-

cated tail. The body is homogeneous throughout, no central granular

aggregation and no V-spot or other distinguishing feature being visible. 1

The head end is armed with a minute, exceedingly delicate filiform spine

set on what looks bike a papilla. This spine and papilla are constantly

and rapidly protruded and retracted. In addition to very active wriggling

movements, F. perstans travels about, often very rapidly, among the cor-

puscles, the attenuation and extension of its body facilitating its peregrina-

tions. At no time very numerous—sometimes three or four on a slide, rarely

as many as twenty or thirty

—

F. perstans can be found as readily by day
as by night. It may be associated with F. diurna or with F. nocturna, or

with both."

The parental forms are probably those described by Daniels (1899), who
found them in a British Guiana native in whose blood both blunt and
sharp-tailed (F. Ozzardi) embryos were present. He found a female and
part of a male lying in the subperitoneal connective tissue ; these were not

encysted. Manson found a parental form in one of his cases of sleeping

sickness. The embryos of F perstans are distinguished from those of

F. Ozzardi by having blunt tails. For further details see Manson and
Daniels (1898).

Geogeaphical Distribution.—F. perstans appears to be confined to the

west coast of Africa and the adjoining country, in some districts as many
as 60 per cent of the population being affected. It has also been found in

British Guiana. Firket (1895), who examined the blood of fifty-four

negroes from the Congo at the Antwerp Exposition in 1894, as also

children who were being educated at Gyseghem, found filarise in thirty

(55 per cent). All the negroes seemed healthy. Some of them had not

been in Africa for a year and a half, one of them had been six years

1 Dr. Manson has informed me recently that a minute V-spot is visible by careful

examination, especially of stained specimens.
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in Belgium. Any pathogenetic effects which it may produce are as yet

unknown.
Ckaw-craw, a disease described by O'Neil in 1875, is characterised

by a papular and pustular eruption resembling scabies ; it occurs on
the west coast of Africa. The papules occur singly, in rings, or over

the whole body, become converted in two days into vesicles and then
into pustules. Actively moving filarise were found by O'Neil in the

papules, the worms measuring O'Ol by O002 inch, and bearing two black

marks at the head end. According to O'Neil the affection is said to be

contagious, appearing after an incubation period of three days. He states

that it disappears in cold climates, but returns when the negro returns to a

hot climate. (This would indicate the possibility of the worm wandering
inward, as suggested by Eailliet for F. hemorrhagica). Sulphur inunctions

have been found useless in the treatment of this malady. Manson (1898)
considers that O'Neil may have had to do with F. perstans, which is so

frequent in the blood in the regions referred to. A similar disease has,

however, been described by Melly (1882), who observed it in a boy who had
never been outside France. Melly found embryos in the blood, whilst

the parasites in the skin were apparently more highly developed, possessing

an alimentary canal and rudimentary sexual organs.

Sleeping Sickness.—F. perstans has been found in three cases of this

disease. From the fact of the frequent occurrence of this parasite in

negroes from the Congo and certain other places in West Africa, the etio-

logical significance of the worm seems doubtful.

IV. Filaria Demarquaii,~NLa,ns(m, 1897.—Found in the blood of apparently

healthy natives of St.Vincent and St. Lucia,W.I., only the embryos (see Plate)

being known. They resemble those of F. Bancrofti, except that they are

smaller, have no sheath, and are constantly present in the blood. Named
after the discoverer of the F. sanguinis hominis.

V. Filaria diurna, Manson, 1891. Syn. : F. sanguinis hominis, var.

major, Manson, 1891.—Only the free embryos of this parasite (see Plate) are

known, the same having been observed by Manson in the blood of negroes

from the west coast of Africa, Old Calabar, and Dahomey. They differ

from those of F. Bancrofti only in that they appear in the blood during the

day and disappear at night. It has therefore been assumed that they

undergo development in another intermediary host as yet unknown.
F. diurna appear in the peripheral circulation at about 8 A.M., increase

till mid-day, decrease toward evening, and disappear at 9 p.m. This

periodicity has been observed by Manson to be maintained for weeks. He
gives reasons for supposing that F. loa (see below) may constitute the

parental form. No pathogenetic effects due to these blood-filariee have yet

been observed.

VI. Filaria medinensis, Velsch. Syn. : Vena medinensis, Velsch,

1674; Dracunculus Persarum, Kammfer, 1694; F. medinensis, Gmelin,

1789 (Guinea - worm, Ver de Medine, Dragonneau).— This worm has

been known from ancient times in Arabia, Persia, and other countries,

the disease produced being termed " Dracontiasis " by Galen. • It occurs

chiefly as a parasite in man, being situated usually in the subcutaneous

and intermuscular connective tissue. It has also been found in animals

(Eailliet). According to Avenzoar and Marchais it often affects cattle.

In India it has been found in the horse (Clarkson, Fleming, Burke), also -in
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the dog in Buenos Ayres and Curac,ao (Doerssel), India (Smyttan, Forbes,

Griffith), Egypt (Clot Bey, Piot, Innes), in the cheetah (Filaria cethiopica,

Valenciennes, 1856), Canis Iwpaster, jackal, and wild-cat (Eailliet). In

some places at certain seasons nearly 50 per cent of the population may
be affected. Usually but a single worm inhabits the host, but when the

worm is prevalent two to four may be found, or exceptionally as many as

thirty to fifty.

Moephology.—The adult female 1 (see Plate, p. 466) may attain to a great-

length in the body of the host, measuring 1-6 feet, though on an average

it has a length of 3 feet. Eailliet states that it may even attain a length

of 4 metres. The worm is of a white or yellowish colour, of uniform
diameter (0'5-l"7 mm.) throughout. It tapers slightly towards the head,

which is truncated. The mouth is terminal, and is surrounded by two large

and six small papillae. The body exhibits faint transverse striation. The
body of the worm is firm and very extensile, having, according to

Manson, a breaking strain of about 11 oz. The cuticula is thick, being

formed of about six layers, the muscular system being similar to that of

Ascaris. The tail is terminated by a sharply bent hook about 1 mm. or

more in length. The alimentary canal consists of a fine tube running from
the triangular mouth to near the tail, but it does not open externally in the

gravid worm, though an anal orifice exists in the young parasite. In the

mature worm the vulval opening and vagina are likewise obliterated by the

enormously developed uterus, which forms a continuous tube, filled with

millions of free embryos, and running from head to tail. The embryos,

which in utero usually lie curled up on themselves, measure 0'50-0*75 ju,

by 15 - 25 fi. They are slightly flattened dorso - ventrally, transversely

striated, and provided with a finely tapering tail which measures about two-

fifths of their whole length. They have a rudimentary alimentary canal,

and carry two small lateral sack-like structures at the base of the tail.

They swim actively, and may live for days in muddy water or damp soil,

whilst they are capable of withstanding desiccation for from six to twenty-

four hours. To quote Manson (1897) :

—

" When the parent Dracunculus approaches maturity, she begins to move
slowly through the tissues, head first, and in 90 per cent of the cases in a

downward direction, until her head arrives at foot, ankle, or leg. The head

then drills a small hole in the derma, sparing the epidermis. Over this hole

a bulla forms, probably induced by the irritating properties of some secre-

tion or discharge of the worm. In the course of a few days the bulla

ruptures, disclosing a small superficial ulcer with the aforementioned minute

hole in its centre. Sometimes, on rupture of the bulla, though this is by no

means usual, the head of the worm is seen protruding from this little hole.

If now, whether the head protrude or not, a little cold water be poured on

the limb in the vicinity of the dracuncular ulcer, a minute quantity of a

whitish fluid is presently seen to well up from the central hole ; or a small

tube, at first pellucid, then white, is seen to be slowly extruded from this

hole to the extent of about half an inch or even more. Suddenly this little

tube ruptures, its contents being spilt over the ulcer. The whitish fluid

alluded to is part of the uterine contents, and the little tube is part of the

uterus itself, which the worm, stimulated by the water poured on the limb,

forces as a prolapsus through her mouth. That this is what takes place is

1 Charles (1892) twice observed what appears to be copulation (see Plate) in worms removed
from the subperitoneal connective tissue. Nobody else has observed the male. Neumann
(1895), from his observations on F. dahomcnsis (parasitic on Python natalensis), believes that

Charles must have actually seen the male F. medinensis, and that the latter is also parasitic

like the male F. dahomensis.
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proved by a microscopic examination of the fluid referred to, which consists

of a mass of seething, wriggling, Dracunculus embryos. This discharge, with
or without visible prolapsus of the uterus, is repeated at short intervals.

In the course of about a fortnight the worm has extruded and emptied her

entire uterus. She is now ready to quit her host, and often she will do so

spontaneously. Generally she can be readily removed by gentle and inter-

mittent traction renewed at intervals during a day or two.
" The reason why instinct leads the Dracunculus to descend to the foot or

ankle before beginning to empty her uterus is obvious. These are just the

parts of the body which in a warm climate, and in natural conditions of life,

are most likely to be brought in contact with water. The reason why the

extrusion of embryos is provoked by contact of the limb with water is

equally obvious, for the next step in the development of the embryo is made
in this element. It is true that the Dracunculus sometimes reaches the

surface at other points of the body, but such an event is comparatively rare

and manifestly abnormal."

Development.—According to Fedschenko the embryos undergo development
in a fresh-water Cyclops. If placed in water containing the Cyclops, they attack
the latter and penetrate into their body cavity, through the interarticular mem-
brane between the abdominal plates. When swallowed by the Cyclops the filarise

are digested, whereas in the body cavity they undergo a metamorphosis which
consists at first in the further development of the intestine. On the eleventh day
they moult and exhibit a very changed appearance, being shorter (0"5 mm.), non-
striated, etc., and in four weeks have attained a length of 1 mm. Infection experi-
ments carried out by Fedschenko, wherein he fed dogs and cats with infected
Cyclops, gave negative results. Still the opinion prevails that this is the mode of
infection. Subsequently Manson was able to confirm these observations in London,
where he noted a slow development of the embryos (obtained from Lascars at the
Seamen's Hospital) in Cyclops obtained from ponds in London. It will be remem-
bered that Chapotin (1810) claimed, as many have done since, that the embryos
are capable of entering the body through the skin. The fact that the embryos are
capable of boring their way into Cyclops is certainly suggestive, and does not
render this older view as yet untenable. Plehn (1898) reports that he fed two
monkeys on bananas which he had infected with embryos, and that one of these
animals subsequently developed a painful tumour on the thigh, and died after
eight and a half months. The tumour was found to contain a worm in all respects
identical with F. medinensis, though it only measured 40 cm. in length. The
experiment is certainly most suggestive, and deserves repetition.

Geogkaphical Distribution.—The worm occurs in parts of India, Persia,

Bokhara, Turkestan, and Arabia, along the coast of the Eed Sea, in tropical

Africa (Guinea, Senegambia, Darfoor, Senaar, Abyssinia, Nubia, Egypt), in

Brazil, Guiana, and Curacao, whither it was carried by negroes from Africa.

Kailliet draws attention to the curious fact that the worm is often found
amongst carnivora in Lower Egypt, whilst it does not seem to have as yet

become acclimatised to the indigenous population.

Pathogenetic Effects.—Age, sex, and race exert no influence on the

susceptibility to infection from this worm, except in so far as the chance of

exposure varies according to habits of life. According to Duke the appear-

ance of the worm is usually heralded by the appearance of a transient

urticaria and vomiting, whilst a sensation as of a cord beneath the skin may
also be noticeable. The presence of the worm is not recognised until it

appears beneath the skin, which usually takes place on the lower limbs,

though the worm may also show itself on the perinseum, genitalia, trunk,

arms and hands, tongue and eyelids. In addition to the effects above noted,

a tumour followed by single or multiple abscesses may develop at the spot

occupied by the worm, the abscesses opening spontaneously. Complications

of a grave nature, septic infection, gangrene, etc., may result, making
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amputation of a limb necessary, or even leading to a fatal termination. If

bungling attempts at extraction of the worm are made, which lead to the

rupture of the worm and liberation of the contained embryos, severe con-

stitutional symptoms, with the local development of abscess, sloughing, etc.,

may follow. In some cases the worm dies without gaining access to the

surface of the skin. It may then become cretified, and in that case is best

left alone (Railliet, Manson).
Treatment.—Though the expulsion of the worm may take place spon-

taneously, it is in most cases necessary to extract it. This requires caution,

and is best accomplished by the application of water-dressings to the part

when the worm first appears. Manson recommends douching the parts

several times a day with cold water, as this encourages the expulsion of the

embryos, and hastens the spontaneous exit of the parent worm. An old

method practised in Persia and Africa, with the object of hastening the exit

of the worm, consists in placing the projecting extremity of the filaria in the

fork of a small split stick and gradually winding the worm out, great care

being taken not to do this too rapidly, the operation taking several days.

Emily has recently recommended a mode of treatment which consists in

injecting a 1 : 1000 solution of bichloride of mercury along the track of the

worm, with the result that the filaria is killed and subsequently absorbed.

Where the worm has been mechanically removed, an occlusive dressing may
be applied, and either iodoform or oxide of zinc dusted over the fistulous

opening. Plehn (1898) saw openings thus treated heal up in two to three

days.

Prophylaxis.—Water used for drinking purposes should be filtered or

boiled. The possibility of infection occurring whilst bathing is to be
considered.

VII. Filaria loa, Guyot, 1778. Syn. : Dracunculus oculi, Dies., 1860
;

D. loa, Cobbold, 1864.— This parasite is found in the subcutaneous

areolar tissue, but may wander about the body, causing itching and
local irritation when it approaches the skin. It is also found in the

eyelids, or beneath the conjunctiva, causing severe pain, especially at

night, together with congestion and lachrymation, inflammation often

resulting from rubbing the parts. The symptoms may only last two to

three days, when the filaria wanders away again, after which it may not

cause any trouble again for weeks. The attacks may recur during the

course of years, until for some unknown reason the parasite disappears.

Blot has observed that the filaria may wander from one eye to another, and it

has even been observed in the fingers. Plehn (1898) considers that certain

sharply defined inflammatory cutaneous affections observed in Cameroon
and German East Africa may be caused by this worm. The affected areas

alter their position, and are accompanied by a peculiar creepy feeling, the

absolute diagnosis being impossible unless the worm shows itself. The spots

affected are 1J or more inches across, and painful on pressure. They
advance 2-3 cm. a day at the margin, the affection passing away spon-

taneously or after three to four days' vigorous use of mercurial ointment.

Morphology.—The anatomy and life-history of the worm are imper-

fectly known. It usually measures 30-40 mm., and is about as thick as

a fine fiddle-string. The cephalic extremity is blunt, the tail pointed, the

mouth prominent and simple. The ripe eggs measure 35 by 25 /z, and
contain embryos 210 p long. Manson thinks F. loa may be the parental

form of F. diurna. He describes and figures a male (see Plate) which measured
25 by 0*3 mm., had a simple mouth, and an incurvated tail bearing two
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rather short unequal spicules, and at least five pairs of papillae, four of these

being very large. The chitinous integument is sprinkled over with numerous
hemispherical bosses, as in the female. (See also Ludwig and Saemisch,

1895.)

Geogeaphical Distribution.—F loa is indigenous to the west coast of

Africa (Guinea, Angola, Gaboon, Congo), its specific name " Loa " being that

given to the worm by the Congo natives. It was transported by negroes

to the "West Indies and Guiana, in whose persons it reappeared during

five to ten years after they had landed. It does not seem to have gained

a foothold there.

Treatment.—Excision. Manson states that some tribes of negroes

drive the worm from the eye by placing some grains of salt in the con-

junctival sac, whilst others remove it by means of a sharp thorn. Eoth
(1896) reports that the natives on the Niger apply a raw onion to the eye to

drive away the worm. Plehn (1898), who observed the worm in Cameroon,
used cocaine to lessen the pain in the eye, and, after excision, applied com-
presses, followed by lead-lotion. The local symptoms subsided in from

three to four days.

VIII. Filaria lentis, Dies., 1851. Syn. : F. oculi Jiumani, von Nordmann,
1832.—Under this name are included nematodes, probably belonging

to different species, and varying in size from 1*72 to 12-6 mm. Bailliet

considers that they may represent worms which have gained access to the

wrong host, or such as have been arrested in their development.

IX. Filaria inermis, Grassi, 1887. Syn. : (?) F. palpebralis, Pace, 1867,

nee Wilson, 1844; F. peritoncei hominis, Babes, 1880; F. conjunctivae,

Addario, 1885.—This worm, of which only the female is known, has been

found in man, the horse and donkey. In the horse it has doubtless often

been taken for F. equina, according to Grassi. It was first observed by
Dubini in the human eye, and has been found only three times. Babes

found it encysted in the gastro-splenic omentum, and Addario encysted in

the ocular conjunctiva. F. lentis (Dies.) may only be a young form of this

worm. The latter measures 160 mm. by 0*475 mm. It is of a whitish or

brownish colour, slightly flattened, threadlike, and tapers somewhat toward

both extremities, especially at the posterior end, the tail being incurvated at

its extremity. The integument is traversed by longitudinal and transverse

striae, which are, however, absent at the cephalic extremity. The mouth is

very small, unarmed, and terminal. The anal aperture is 300 ;u, distant from

the tip of the tail, the vulva 50-104 /*, from the mouth. The eggs are hatched

in the uterus; the free embryos measure 350 //, by 5
-

5/x, and are slightly

tapering in front, whilst posteriorly they end in a very fine tail.

X. Filaria volvulus, (?) Leuckart.—Found in two tumours, the size of

a pigeon's egg, removed from the scalp and chest of a Gold Coast negro.

The tumours contained tangled masses of male and female filarise, measuring

60-70 and 30-35 cm. respectively, which were bathed in fluid containing

sheathless embryos resembling F. nocturna and diurna. The tumours

seemed to communicate with the outside, not with the circulatory system.

XI. Filaria Magalhaesi, Manson, 1897.—Found by Magalhaes of Eio de

Janeiro, who described two adult worms, but not the embryos. The worms
were included in a clot of blood said to have come from the left ventricle

of a child's heart. They were white, opalescent, and traversed by delicate
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striae. The head was club-shaped, the mouth terminal, round, simple, with-
out papillae. The male measures 83 by 0*4 mm. (greatest breadth), has two
spicules projecting from the cloaca, distant (HI mm. from the tip of the
rounded tail, which bears four pre- and three post-anal papillae. The female
measures 155 by 0-71 mm. (greatest breadth), has its vulva situated at a
point distant 2'56 mm. from the mouth, whilst the anal aperture is found

-13 mm. from the tip of the rounded tail.

XII. Filaria labialis, Pane, 1864.—Only the female is known ; it was
found but once, at Naples, in a small pustule on the inner side of the lip.

The worm measured 30 mm., and had tapered ends, but slightly swollen
quite at the posterior extremity. Mouth surrounded by four papillae, anus
distant 0'5 mm. from caudal end. Vulval aperture 2-5 mm. higher up.

Uterus double.

XIII. Filaria hominis oris, Leidy, 1850.—Found in the mouth of a child

at Philadelphia. Thought by Leidy and Leuckart to be possibly a young
immature F. medinensis. Worm 14 cm. long by 0'16 mm. wide. Mouth
simple, round. Tail blunt, and furnished with a short hook measuring 12 j«,

across at its base and 50 /x in length.

XIV. Filaria lymjohatica, Treutler. Syn. : Hamularia lymphatica,

Treutler, 1793 ; F. hominis bronchialis, Eud., 1819 ; F. lymphatica, Moquin-
Tandon, 1860.—Found by Treutler in hypertrophied lymphatic glands, and
in 1879 by Zahn. Diesing and Weinland consider it identical with
Strongylus longivaginatus (paradoxus). Eailliet thinks it more probably
a male F. inermis. A filiform worm, slightly flattened laterally, measuring
26 mm., brown in colour, with white spots, and almost transparent

posteriorly.

XV. Filaria, restiformis, Leidy, 1880.—Probably a pseudo - parasite

(Eailliet) ; expelled in the urine of a labourer in America.

II. FlLARLE AFFECTING ANIMALS

XVI. Filaria equina, Abildgaard. Syn. : Gordius equinus, Abildg.,

1789 ; F. equi, Gmelin, 1789 ; F. papillosa, Eud., 1802 ; F. equina,

Blanchard, 1849.

—

F. equina is found in the peritoneal cavity of the

horse, donkey, and mule, and may pass into the tunica vaginalis, producing

hydrocele, orchitis, and peri-orchitis ; it is situated between the testicle and
epididymis (Ercolani, Schmidt and Pottinger, Owen and Schmidt). It was
once found by Gourdon in a Fallopian tube. Less frequently it is found in

the pleural cavity (Mengers). Abildgaard found it between the dura and
pia mater, Eudolphi in the intestine, and it was found in the liver by
Sonsino in Egypt and Colin in Alfort. The filarise which occur (usually in

the aqueous humour) in the eye of the horse are generally referred to this

species. Neumann (1897) concludes from the examination of thirteen eye-

filariae collected from the horse that these only represented young forms

of F. equina.

Morphology, etc.—The worm is whitish, filiform, with tapering ends,

more especially toward the tail. Integument shows fine transverse striae.

Mouth small, round, and furnished with a chitinous ring, the margin of

which supports laterally two crescentic lips, and forms a simple or indented

papilla at a point corresponding to the dorsal and ventral median lines,
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whilst posterior to these are four submedian papilliform chitinous spinules.

The male (see Plate, p. 464) is 6-8 cm. long, has a spiral tail, and exhibits

four pre- and four post-anal papillae. The female measures 9-12 cm.,

has a slightly spiral tail terminating in a rounded button, in front of

which are two lateral conical protuberances. The worm is viviparous, the

embryos measuring about 280 p by 7/*. The development is unknown,
though it probably takes place as in F. Bancrqfti, in an insect host.

According to Deupser (1892) the embryos die in water, serum, or humor
aqueus in three to six hours, though they remain alive for thirty-six hours

in horse's blood. Eailliet finds them very sensitive to desiccation. The co-

existence of embryos in the blood and adult F. equina in the horse's peri-

toneum was observed by Wedl (1848) and Sonsino (1876). Deupser (1894)
failed to find the embryos in the urine or digestive tract. He introduced

gravid F. equina, with proper antiseptic precautions, into the peritoneum of

rabbits, and saw embryos appear in the blood after thirty-four hours, and
persist there up to thirty-one days. In the horse's peritoneum, the female

worms are more numerous than the males (as 23 : 1 Deupser), in the eye as

5 : 8 (Neumann), which would indicate that the eye is not a suitable habitat.

Geographical Distribution.—Frequent in East India, rare in America
and Europe.

Pathogenetic Effects.— Usually the worms produce no symptoms
through their presence in the serous cavities. Steele, however, attributed the

cachexia observed by him in a horse to the presence of an enormous number of

F. equina in its peritoneum. When present in the eye, ophthalmia results.

In such cases one to two parasites, rarely more, are present, and swim
about in the aqueous humor. If left untreated permanent opacity of the

cornea usually results. Baruchello describes another affection which is

probably due to this parasite, i.e. cutaneous tumours from the size of a millet-

seed to that of a pigeon's egg, occurring in spring and summer in horses

belonging to a cavalry regiment. The tumours softened, and nematodes
were found in the pus. In three horses that died of the disease F. equina

was found in the peritoneum. Treatment consists in the extraction of the

parasite from the eye, the only situation in which it may become visible.

XVII. Filaria hemorrhagica, Eailliet, 1885. Syn. : F. multipapillosa,

Condamine and Drouilly, 1878, nee F. multipapilla, Mollin, 1857.

—

Drouilly (1877) discovered this parasite in the horse. It was found in

the subcutaneous intermuscular and interfascicular connective tissue and

spinal cord of a donkey by Eailliet and Moussu (1892).

Morphology.—The worm is described by Eailliet as white, cylindrical,

slightly tapering at the ends, particularly at the posterior end. The anterior

conical extremity is retractile. The integument is traversed by numerous
transverse ridges, which go over into many papilliform projections at the coni-

cal portion near the simple circular mouth. The male measures 28 mm. by
-260-0 -280 mm., and has a rounded tail, and two spicules measuring 680-

750 and 130-140 /* respectively. The female measures 40-56-70 mm. by
-420-0 -440 mm. The tail is blunt and rounded ; the vulva is near the mouth.

The eggs measure 52-58 by 24-33 /*, and contain an embryo. The develop-

ment is unknown. Fertilisation doubtless takes place in the connective

tissue of the host. The female lives two to three days in serum, under

which conditions some eggs are seen to hatch, the free embryos measuring

220-230 by 9-11 /*. The embryos are killed by drying, and live but a short

time in water. Inoculation of a horse with such embryos gave no result.

Eailliet and Moussu think that the female expels the embryos at the time
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when she produces the haemorrhages, the embryos being taken up by some
insect or crustacean. Eailliet believes that the worms penetrate into the

deeper tissues during cold weather.

Geographical Distribution.—F. hemorrhagica occurs in Asia and
Eastern and Southern Europe. It would seem as if the affection caused by
the worm has been known a long time in China. Sibald says it is common
in Tartary. Spinola considers it a disease of the Steppes, and Leblanc

observed it in Russian horses. In France it has only been known since

horses have been imported from Bohemia, and it has been noted that the

disease disappears in these animals after a sojourn of three or four years in

France. Bernard and Liautard claim that they have seen the disease in

Spanish horses in Algeria.

Pathogenetic Effects.—The disease is only noticeable in spring and
summer, and is marked by the appearance of hemispherical protuberances

about the size of a nut beneath the skin. These protuberances burst within

one or two hours after they are formed, and allow blood to escape, after

which they usually subside and appear again in from twenty-four to forty-

eight hours at another place a few centimetres distant. Suppuration is rare.

The donkey in which Ptailliet and Moussu found these parasites had come
from Bohemia, and had to be killed in consequence of its developing

paralysis of the lower portions of the body. At the post-mortem examina-

tion the tracks made by the worm could be seen in the donkey's cord.

" XVIII. Filaria immitis, Leidy, 1856. Syn. : F. canis cordis, Leidy,

1850 ; F. papillosa, hmmatica canis domestici, Gruby and Delafond, 1852.

—

This parasite is found in the dog, in which host it was first seen by
Panthot in 1679, and afterwards by Peyronnie (1778), and many others

since. It has also been found in the fox (Sauzade), the wolf by Janson

(1892) in Japan, and in man (?) by Bowlby. The adult worm is found

chiefly in the right heart of the dog. Thousands of embryos are given off

by the female and circulate in the blood. The embryos exhibit to a certain

extent the periodicity observed by Manson in the case of F. Bancrofti

embryos, the parasites being most numerous in the blood at night. Manson
found that the embryos accumulate in the large vessels of the abdomen and
thorax during the daytime. Both Grassi and Sonsino observed nematodes

in the intestine and body-cavity of dog-fleas, which they thought were

embryos derived either from Filaria immitis or Spiroptera sanguinolenta.

It was subsequently determined that the latter parasite does not give off

haematozoal larvae, whilst Grassi (1888) conclusively proved that neither

Pulex serraticeps, Hazmatopinus, nor ticks (Bhipicephalus siculus, Koch)

served as hosts for the embryos of F. immitis. Sonsino was led astray,

Grassi claimed, by the coincidence that F. recondita (Grassi) was present in

the dogs he examined, and he took the embryos of the latter for those of

F. immitis. Consequently the evolution of F. immitis remains to be

determined. Grassi thinks the intermediary host may be a crustacean or

mollusc.

Morphology.—F. immitis is a filiform, whitish worm, tapering at the

extremities, especially at the tail, and rounded anteriorly. The mouth is

terminal, small, and simple, being surrounded by six small, indistinct

papillae. Anus near end of tail. Male worm (see Plate) 12-18 cm. long

by 0-7-0-9 mm. wide, with spirally wound tail bearing two small lateral

ridges supported by papillae, four of which appear larger, whilst three of

them are pre- and one post-anal. According to Schneider there are eleven

papillae, of which six are post-anal. Two spicules of unequal length. The

vol. hi 31
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female (see Plate) is 25-30 cm. long by 1-1*3 mm. wide. The tail is

short and blunt, the vulva is near the origin of the intestine, and is situated

at a distance of about 7 mm. from the mouth. The eggs hatch in the uterus,

liberating embryos about 285-295 /* long by 5 ^ wide, their anterior

extremity being somewhat tapered, whilst posteriorly the body tapers off

into a long and delicate tail. (Eailliet figures the male, female, embryos,

and the posterior extremity of the male.)

Geogkaphical Distribution.—The parasite is very common in China,

where almost all the dogs are affected (Somerville), whilst over 50 per cent

of the dogs in Japan harbour the worm. It is also frequent in Italy,

especially in marshy districts about Pisa and Milan. It is also found in

England, Prance, Denmark, Germany, Australia, Fiji, the United States, and

Brazil.

Pathogenetic Effects.— Dogs are most affected in the period from

April to August. House dogs rarely exhibit the worm, it being most common
in hunting-dogs, or such as roam about the country. Though usually situated

in the right heart, the worm may be found in various parts of the venous and

arterial system, in the thoracic cavity, bronchi, oesophagus, liver, in vomited

matter, etc. Even where the females lie encysted outside the vessels the

embryos make their way into the circulation. The parasites inhabiting a

single host may number from one to fifty, the males usually being present as

one to two or three females, whilst at other times only males or only females

can be found. The mass of tangled worms may at times obstruct the

circulation within the cavities of the heart.1 The lesions produced by the

worms vary very much according to the part occupied. When situated in

the heart, they usually produce hypertrophy, and more or less endocarditis,

whilst in the vessels they may produce endarteritis, thrombi, etc. According

to Galeb and Pourquier the embryos may pass into the foetal circulation,

but it appears as if they did not develop there. The symptoms naturally

vary greatly ; weakness, anaemia, cough, icterus, ascites, and lameness may
be observed, and a fatal result is frequent. No effective treatment is known.

XIX. Filaria recondita,2 Grassi, 1890.—The embryos of this parasite are

known as the "Hgematozoa of Lewis" (Grassi). Only a female of this

parasite is known, having been found by Grassi, after much difficulty, lying

(not encysted) in the adipose tissue near the hilum of a dog's kidney. The

female was not quite mature. The embryos had been observed by Gruby

and Delafond, who estimated that 11,000 to 224,000 might be present in a

single dog. The embryos live about ten days in blood kept at 15° C. If in-

jected into the circulation of dogs they disappear after from eight to forty

days, or may persist in the blood for years. Injected into rabbits, they dis-

appeared in about a month. In Paris 4-5 per cent of the dogs were found to

harbour the parasite, whilst in China, Calcutta, and Pisa about 30 per cent

of all dogs are affected (Gruby and Delafond, Manson, Lewis, Sonsino).

The parasite produces usually no pathogenetic effects, but the two authors

named above noted epileptiform seizures in three dogs, two of which died.

No effectual treatment is known.
The female worm is 3 cm. long by 0178 mm. wide. It is transparent,

tapers (more posteriorly) toward the extremities, which are blunt, whilst

anteriorly four small papillae are seen close to the mouth. The posterior

1 A. E. Shipley (Proc. Cambridge Phil. Soc. viii. pt. iii. 1894) reports an interesting

case in this connection, and gives afigure of the heart of a dog from Fiji.

2 Sonsino (personal communication, Dec. 1899) considers it doubtful that this is a "good

species," the determination having been made upon a single female specimen.
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extremity exhibits one terminal and two lateral papillae, as also small

lateral projections. The mouth is succeeded by a very short cylindrical

pharynx. The anus is 228 p distant from the tip of the tail. The uterus

is double (it contained neither eggs nor embryos), whilst the vulva is about

840 [x behind the mouth. Integument smooth. In 1888 Grassi observed

that a great resemblance existed between the embryos of this worm,
as found in fleas, and those described by Manson as occurring in the

mosquito (Culex pipiens), which the latter regarded as stages in the develop-

ment of Filaria Bancrofti. Grassi saw thirty to fifty embryos in a single flea,

and found them in various stages of development, both in the intestine and
body-cavity of the insect. The parasites also exhibited the sausage shape

and the form with three caudal papillae, such as Manson observed in F. Bart-

erofti embryos developing in mosquitoes. As Grassi (1890) was able to

determine, the " Hsematozoon of Lewis " undergoes a metamorphosis in the

dog-flea (Fulex serraticeps), in the cat-flea (which some consider to be but a

variety of the former), in Fulex irritans, which is often found on dogs, as

also in a tick (BMjpicephalus siculus, Koch). The embryos of this filaria,

which were first accurately described by Lewis (1875), were found by
Grassi to perforate the intestinal wall of the flea, which had ingested blood

containing the parasites. The latter then made their way into the fatty

tissue, where they are almost always to be found lying singly in the fat-

cells. These cells increase in size with the growth of the parasites, which

lie curled up within the cell, its nucleus remaining uninjured. Grassi

believes the worms may also undergo development outside of cells, and he

observed them lying within the eggs of gravid fleas, as also in the cysticer-

coid of Bipylidium caninum. The worm-embryos undergo four stages of

development within the flea, in which insect Grassi and Calandruccio espe-

cially studied their development until almost completed. Infection experi-

ments with fleas gave no positive result, which may have been due to the

parasites not being fully developed. Grassi dwells on the resemblance

between these observations and those made by Manson on F. Bancrofti, and

figures the developmental changes above described.

XX. Filaria irritans, Eivolta. Syn. : Dermofilaria irritans, Eiv.,

1884; F. irritans, Eailliet, 1885.— Found by Eivolta (1868) in the
" summer sores " or " granular dermatitis " of a horse, and subsequently

by Laulanie (1884). The worm also affects donkeys. The disease,

which is observed in summer and in hot countries, was described by

Bouley in 1850. It is characterised by the presence ("au milieu de

bourgeons charnus") in the centre of fleshy protuberances of granula-

tions the size of a millet-seed or pea, which are composed of a cheesy

or calcareous substance. These granulations contain the worm, its remains,

or the remains of its former habitat. The sores spread rapidly, persist

a long time, and are the seat of continued pruritus, being often followed by

grave complications (Eailliet).

Filariapalpehralis, Er. Wilson, 1844.—Found in the excretoryducts of the

lachrymal glands, and under the eyelids in the horse, where they produce

the same effects as F. lachrymalis. Eailliet placed a female containing

embryos in a horse's eye, but the embryos did not develop.

Filaria Fvansi, Lewis, 1882.—Found by Evans at Madras in an autopsy

on a dromedary, the blood of which contained embryos similar to those of

F. Bancrofti. The adult worms were in the lung and mesentery, the

pulmonary arteries being obstructed by masses of tangled worms. Both

the males and females are known. Goubeaux (1853) found filarise in a
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dromedary which died at Alfort in France, the worms being present in the

lymphatic glands, one lachrymal gland, lung, blood, etc. Piot (1886) found
filarias in the testicle of a camel in Egypt.

Filaria labiato-papillosa, Alessandrini, 1838. Syn. : F. cervina, Duj.,

1845 ; F. terebra, Dies., 1851.—Found in the peritoneal cavity of cattle and
various deer (Cervus elaphus, G. columbianus, C. virginianus). Bailliet

considers the nematodes observed in the eyes of cattle by G-risoni, Deguil-

leme, Santin, etc., to be fitly placed provisionally under this species. The
worm greatly resembles F. equina morphologically.

Filaria lachrymalis, Gurlt, 1831. Syn. : (?) Thelazia Bhodesii, De Blain-

ville, 1828 ; F. bovis, Baillet, 1858 ; F. palpebrarum, Baillet, 1858.—Found
in the lachrymal duct of cattle, whence it may wander into the conjunctival

sac. When numerous they may cause irritation or corneal ulceration.

The parasite may be directly removed or washed out by injection of an
anthelmintic.

Filaria caprce, von Linstow, 1883.—Found by Fedschenko in Turkestan
in the tongue muscles of a goat, only the fragments of a female having been
examined.

Filaria acutiuscula, Molin, 1857.—Found by batterer in Brazil in the

viscera of two species of peccary (Dicotyles albirostris and]!?, torquatus) and
beneath the pectoral muscles of Vulpes azarce. Mnni found it under the

skin of a dog in Italy.

Filaria Osleri, 'Cobbold, 1879. Syn. : Strongylus bronchialis canis,

Osier 1877.—Found to be the cause of an epizootic broncho-pneumonia in

dogs at Montreal by Osier. Eabe and Blumberg seem to have previously

observed this worm in small nodules in the mucous membrane of the re-

spiratory passages, each nodule containing several of them. Both males
and females were present, the latter being most numerous. The ends of

the worms projecting from the nodules presented a villous appearance

—

ovoviparous.

Filaria oculi canini, Gescheidt, 1833. Syn. : F. trispinulosa, Dies.,

1851.—Found in the dog's vitreous. Determination doubtful.

Filaria hepatica, Cobbold, 1879.—Nematode larvae of a doubtful character

found by Mather (1843) in Edinburgh in the liver and intestine of a dog
which suffered from dyspnoea, vomiting, alternate constipation and diarrhoea,

finally bloody vomit, icterus, intense thirst, death. At the autopsy the stomach

was found inflamed and exhibited ecchymoses and ulcerations, the

duodenum was invaginated, the small intestine was congested and dotted

over with small cysts containing filarial, which were also found free in the

bile and hepatic ducts. Blood not examined.

Filaria rytipleurites, Delongchamps, 1824.—Delongchamps discovered

this parasite encysted in the adipose tissue of the cockroach (Feriplaneta

orientalis). If the cysts are removed from the insect and placed in a suitable

fluid, the worms bore their way out, and may live three or more days in a

free condition. Galeb (1878) fed three white rats with infected cockroaches,

and, killing them after eight days, found the parasites, which had thrown
off their envelopes in the stomachs of the rats, lying in the folds of the

mucous membrane. In one rat one male and three females were found, all

perfectly developed. Fertilisation takes place in the rat's alimentary

canal, and the eggs, escaping with the fseces, are devoured by the cock-

roaches. The embryos escape from the membranes after they have entered

the alimentary canal of the insect, and, boring their way through the intes-

tinal wall, become encysted in the adipose tissue. The rat infects itself by

feeding on cockroaches containing the encysted parasites.
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Filaria strumosa, Eudolphi.—Found in the mole (Talpa europcea) in
various parts of Europe. Von Linstow (1887) claimed to have found
the larval form encysted in the adipose tissue of a beetle (Cetonia
aurata).

Filaria uncinata, E.—Occurs in the oesophagus of ducks and geese,
causing death at times by its presence. Hamann (1893) discovered that
the larvae develop in Daphnia pulex (Eich.), the latter being most plentiful
in certain ponds during July-August in Prussia, when the ducks died most.
The worms produce tumours which project into the oesophagus, the tumours
ranging up to 1 cm. across. The small tumours contained worms 3 mm.
long, the large ones worms 18 mm. long. Young ducks were most affected.

They seem to die from starvation, being unable to swallow their food on
account of the occlusion produced by the tumours. The worms give off

embryos, which escape by active motions through the mouth, or more
usually with the fseces, the latter being devoured by the Daphnia. The
embryos bore their way through the crustacean's intestine, and develop
most of the characters of the adult in this host. Sexual maturity is only
attained when the parasite gains access to the duck, which infects itself by
feeding on Daphnia.

Filaria Mazzantii, Eailliet, 1891.—Only the female worm is known,
having been found beneath the skin of the pigeon, the blood of which con-
tained the embryos. Viviparous.

Filaria clava, Wedl, 1856.—Found by Muller in the peritracheal con-
nective tissue of the domestic pigeon.

Filaria Mansoni, Cobbold, 1879.—Found byManson at Amoy, China, in

the eye of the domestic chicken. Magalhaes (1895) found it also in Brazil

in chickens and peacocks.

Filaria anatis, Eudolphi, 1809.—Found by Paullinus about the heart
of a duck.

BIBLIOGRAPHICAL NOTE.—Besides the filarise referred to in the text, a large number
are further found in mammalia, birds, reptiles, amphibia, fish, mollusca, insects, myriapods,
and Crustacea, as will be seen by referring to the monograph of Stossisch, who gives a very
extensive list of the filarise (212 !), their hosts, and references to the bibliography. In the
above article I have made free use of Railliet's excellent work (adopting his nomenclature),
as also of the writings of Manson. In both of these writers' publications will be found
references to the literature. A bibliography will be found in a publication of the writer's

given below. See also the contributions of British authors of late years in the British
Medical Journal and Lancet, and also refer to the Centralblatt fur Bakteriologie una*
Parasitenkunde. It is impossible in the limit of space allowed to include a bibliography of
so extensive a subject, but subjoined are some of the more important references to the
recent literature ; the rest are to be found in the books of reference or those above mentioned.

LITERATURE.—1. Bancroft, T. L., 1899, Journ. and Proc. Roy. Soc. N.S. Wales,
xxxiii. ; also Australasian Med. Gazette.—2. Charles, R. H., 1892, Sc. Mem. by Med.
Officers of the Army in India, part vii., Calcutta.—3. Daniels, C. W., 1898, Brit. Med.
Journ., i. p. 1011 ; ibid., ii. p. 878 ; ibid., 1899, i. p. 1459.—4. Firket, C, 1895, Bullet, de
I'Acad. de mid. Beige.—5. Hamann, 0., 1893, Centralbl. f. BaTcteriol. u. Parasitenk., xiv.
555.—6. De Magalhaes, P. S., 1895, Bullet, soc. zoolog. France, xx. 241.—7. Maitland, J.,

1897, Brit. Med. Journ., ii. 903.—8. Manson, P., 1894, ibid., i. 1186 ; 1896, ibid., ii. 1379 ; 1897,
ibid., ii. p. 1837; 1897, Article "Filaria" in Allbutt's System of Medicine, London, ii.

1058-1087 ; 1898, Tropical Diseases, London ; 1899, Brit. Med. Journ., ii. 644.-9. Neu-
mann, G-., 1895, Bullet, soc. zoolog. France, xx. 123.—10. Nuttall, G. H. F., 1899, Johns
Hopkins Hospital Reports, Baltimore, viii., Nos. 1-2 ; also Hygienische Rundschau, Berlin,

ix.—11. Ozzard and Daniels, 1897, Brit. Guiana Med. Annals.—12. Plehn, F., 1898, Die
Kamerun-Kuste, etc., Berlin, p. 295.—13. Railliet et Moussu, 1892, C. r. de la soc. de
biolog., Paris, (9) iv. 545.—14. Railliet, A., 1895, TraiU de zoologie midicale et agricole,

Paris, 2nd ed., pp. 499-533.—15. Sonsino, P., 1874, Rendiconto della R. Accad. delle scienze

fis. e mat. di Napoli, fasc. 6, giugno 1881, Bulletin de Vlnstitut tlgyptien, 2e serie, No. 2,

p, 118 ; 1882, Med. Times and Gazette, May ; 1883, ibid. 22, 29 Sept., 13 Oct. ; 1884, Giornale
della R. Accad. di Med. di Torino, Fasc. 8, agosto 1885, Bull, de I'Inst. F<gyptien, 2e ser.,

No. 6, p. 146.—16. Stossisch, M., 1897, "Filaria e Spiroptere," Bollet. d. soc. adriat. di sc.

nat. in Trieste, xviii.—17. Thorpe, V. G., 1896, Brit. Med. Journ., ii. 922.— 18. Young, C.

W., 1897, ibid. i.



486 FINGEKS

Fingers.
1. Medical and Surgical

Anatomy . . .486
2. Appearances in certain

General Diseases, etc. . 486

3. Deformities and Distor-

tions

4. Injuries .... 488
5. Inflammatory Affections 489
6. Tumours . . . .490
7. Diseases of Bones and

Joints .... 490
. 487

See also Fractures, Nails.

1. Medical and Surgical Anatomy.—Tendons are found mainly in relation to

the anterior and posterior aspects. Flexion is perfoi'med by the flexor sublimis

digitorum, flexor profundus digitorurn, and flexor brevis minimi digiti.
_
Extension

is produced by the extensor communis digitorum, extensor minimi digiti, and ex-

tensor indicis. The fingers are adducted by the palmar interossei, and abducted

by the dorsal interossei, and in the case of the little finger by the abductor minimi
digiti. The dorsal interossei, too, together with the lumbricales flex the first and
extend the second and third phalanges. Lateral incisions into the fingers should

if possible be made on the ulnar rather than on the radial aspect, so as to avoid

the lumbricales (Kocher). The names of the muscles acting on the thumb indicate

the movements produced by them.
As low down as the base of the terminal phalanx in each finger, the flexor

tendons are invested by fibrous slips from the palmar fascia, and enclosed too in

a synovial sheath which commences opposite the head of the metacarpal bone and
extends downwards. In the case of the thumb this sheath is continued up into the

forearm, and the tendon sheath of the little finger sometimes communicates with

the common flexor sheath. Of the transverse grooves in the skin on the anterior

surface, the two distal ones are almost opposite the respective interphalangeal

joints, while the most proximal one, which is on a level with the web of the

fingers, is about three-quarters of an inch below the metacarpo-phalangeal joint.

Vessels.—The fingers are supplied by the four digital branches of the superficial

palmar arch, which are situated laterally beneath the digital nerves, by the dor-

salis indicis, radialis indicis, dorsalis pollicis, princeps pollicis, and the two dorsal

digital branches of the metacarpal branch of the radial artery.

Nerves.—The flexor sublimis digitorum, the radial half of the flexor profundus
digitorum, the abductor pollicis, opponens pollicis, the outer head of the flexor

brevis pollicis, and the two radial lumbricales are supplied by the median nerve.

Sensory fibres from this nerve supply on the anterior aspect the thumb, index, and
middle fingers, and radial half of the ring finger ; filaments unite too with the dorsal

digital branches of the radial nerve to supply the same fingers on the dorsal aspect.

The ulnar half of the flexor profundus digitorum, the muscles of the little

finger, the interossei, the two inner lumbricales, the adductor pollicis, and the

inner head of the flexor brevis pollicis, are supplied by the ulnar nerve. This

nerve gives sensory branches to the ulnar side of the little finger and the adjoining

sides of the little and ring fingers. It also sends a communicating filament to

the branch of the radial nerve supplying the adjacent sides of the ring and middle

fingers on the dorsal aspect. The extensor communis digitorum, extensor indicis,

extensor minimi digiti, and the extensor muscles of the thumb, are supplied by the

posterior interosseous branch of the musculo-spiral nerve. The radial branch of

the same nerve supplies on the dorsal aspect the thumb, index, and middle fingers,

and radial side of the ring finger.

2. Appearances in certain General Diseases, etc.—Much valuable

information is to be obtained from a careful study of the fingers. The
pursuit of certain occupations may produce distinctive marks. Such are

the callosities on the adjacent sides of the index finger and thumb, and

between the third and fourth fingers in coachmen, and the callosities on the

radial sides of the thumb and forefinger in masons. Owing to the diversity

in different individuals of the lines and whorls produced by the papillae

in the skin of the distal phalanges, the study of finger-'prints is said to

furnish most reliable aid towards the identification of persons. Indications

of various morbid processes may
t
be detected by an examination of the fingers.

The pulsation of the digital vessels may be unduly forcible on palpation, or
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even visible, in cases of aortic incompetence, and in other conditions where
the peripheral vessels are in a state of undue relaxation. Accompanying
this there is often visible capillary pulsation which will be most evident in

the finger-nails. Cyanosis, whatever be its cause, is often noticeable in the
fingers. It is specially pronounced in cases of cardiac disease, whether
congenital or otherwise, and of pulmonary emphysema. The cyanosis may,
however, be localised, and be a manifestation of Eaynaud's disease. This
is usually a symmetrical affection ; the cyanosis is preceded by local syn-
cope, and is sometimes followed by sloughing and even gangrene of the
affected parts. Clubhed fingers, or Hippocratic fingers, are common. The
terminal phalanges become broadened, the curvature of the nails is increased,

and the digits are frequently cyanosed. Such fingers are most often seen
in the course of some chronic pulmonary disease, such as phthisis, bronchi-
ectasis, emphysema, or empyema, but have occasionally been found associated

with disease in other organs, for instance with aneurysm of the aorta.
" Clubbing " of the fingers must be differentiated from the abnormal state

of the digits occurring in acromegaly and in pulmonary osteo-arthropathy.

In acromegaly the fingers are uniformly enlarged. They are broad too,

but there is neither clubbing nor tapering of the finger-tips. The inter-

phalangeal creases are very evident, and the nails which are not dispro-

portionately enlarged are flat and often show longitudinal furrowing. The
individual will, in addition, present other features so characteristic of the

disease. In pulmonary osteo-arthropathy the enlargement, though involving

the bones of the fingers, hands, feet, and lower parts of the legs and forearm,

is not so uniform as in acromegaly, and the skull is not affected. The
terminal phalanges are most markedly involved, being large and broad,

the fingers thus somewhat resembling ordinary clubbed fingers. The nails

are of large size, very convex, and often present marked longitudinal

striation. The diagnosis rests mainly on the presence of some causal

pulmonary disease, and on the fact that the enlargement is not confined to

the finger-tips alone.

3. Deformities and Distortions.—Congenital deformities, Dupuytren's

contraction, spring finger and mallet finger, vide article " Deformities."

Contraction and stiffness of the fingers may result from contraction or

section of the flexor or extensor tendons. It may occur, too, after burns or

septic inflammation, and in the latter case the worst forms of contraction

are due to inflammatory adhesion of the tendons to their synovial sheaths.

These conditions are very difficult to treat satisfactorily, but the contraction

may be improved if passive movements of the affected digits be continued

for sufficient length of time. If there be contraction of the tendons them-

selves, division may effect considerable improvement; and if the tendons

have been divided, union of the cut ends is indicated.

Due to Affections of the Nervous System.—The involuntary, irregular jerky

movements of chorea, and various tremors, e.g. paralysis agitans, are usually

well seen in the fingers. The movements of Jacksonian and of post-hemi-

plegic epilepsy may be confined to the fingers or thumb. Athetoid move-

ments, too, are often observed in the fingers, following especially cerebral

hemiplegia or diplegia in children. In epilepsy the aura may be referred

to the fingers, and in the tonic spasms of epilepsy and of tetanus the fingers

are tightly clenched in the palm of the hand. Tonic bilateral contractions

of the fingers are also seen in tetany. In this condition the fingers^ are

flexed at the metacarpo-phalangeal joints and extended at the other joints.

The thumb lies in the palm, is rarely bent, but is usually straight with its

terminal phalanx pressed against the palmar surface of the second, third, or
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fourth finger. In rare instances the fingers are clenched over the thumb.
The fingers have been likened to those of the obstetrician when he is about
to introduce the hand into the vagina. The spasms, although often first

manifested in the fingers and toes, are, of course, not always confined to

these parts ; the arms, legs, etc., may be affected too. These tetanoid spasms
are remittent. At first they may persist for only a few hours, while the
remissions may last for days or even weeks. The periods of remission

are gradually shortened, and each succeeding attack persists longer, until

the duration of each paroxysm may be measured by days or weeks.
Spasms or cramps may also be manifestations of an occupation neurosis,

e.g. writer's cramp, or of hysteria, both of which conditions may also cause
paresis. They are usually unilateral.

Neuritis or trauma producing paralysis of the median nerve.—The effect

of this on the fingers is as follows :—The second phalanges cannot be flexed,

nor can the distal phalanges of the first and second fingers. The thumb
cannot be opposed to the fingers, and there is wasting of the thumb muscles.

Sensation is affected in the index, middle, and radial half of the ring finger

and the palmar surface of the thumb.
In paralysis of the ulnar nerve there is inability to flex the first and to

extend the second and third phalanges. The fingers cannot be abducted
or adducted, nor can the thumb be adducted. Anteriorly there is loss of

sensation over the little and half the ring finger, posteriorly over the little,

ring, and half the middle finger. In advanced cases the position of the

fingers somewhat resembles that seen in progressive muscular atrophy.

Paralysis of the Musculo-spiral Nerve.—The first phalanges of the fingers

and thumb are flexed and cannot be extended. Sensation may be diminished
in the region supplied by the nerve.

Paralysis of the extensors should also be noted as occurring in plumhism.
In advanced cases of progressive muscular atrophy, subsequent to the

wasting of the thenar and hypothenar eminences, the first phalanges are

hyperextended and the more distal phalanges are flexed, the condition

being the result of wasting of the interossei and lumbricales, and contraction

of the extensors and flexors of the fingers.

4. Injuries.—Detailed remarks regarding injuries of the fingers may
be omitted, but attention must be drawn to the important fact that treat-

ment of bruised or wounded fingers should aim at the preservation of as much
tissue as possible. Gangrene may ensue as a result of bruises and other

injuries, as well as after inflammation, arterial obstruction, etc. Foreign
todies lodging in the digits may be very troublesome, both from the pain they
produce and the difficulty the surgeon often experiences in removing them.

Fractures, vide article " Fractures."

Simple Dislocations at the metacarpo-phalangeal joints are fairly common,
the first phalanges being as a rule dislocated backwards. The injury occurs

from a fall or a blow, and is most frequently seen in the thumb. In this

instance the articular surface of the first phalanx lies on the dorsal surface

of the metacarpal bone, and the head of the latter can be felt on the palmar
surface. The first phalanx is over-extended, the second phalanx being
somewhat flexed. The dislocation is often exceedingly difficult to reduce

owing to the head of the metacarpal bone being caught between the two
divisions of the flexor brevis pollicis. Eeduction is facilitated if the patient

be ansesthetised, and is effected by first extending the first phalanx, possibly

with the aid of a clove hitch or an " Indian puzzle," to a right angle with the

metacarpal, then exerting traction in the same line, while simultaneous

pressure is put on the head of the metacarpal bone from the dorsal aspect,
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and by finally flexing the first phalanx. If in spite of these manipulations

the dislocation remains unreduced, the obstructing structures must be

divided by the tenotomy knife, and reduction is then easy. To obviate a

recurrence of the dislocation the thumb should be kept flexed into the palm
for some time afterwards.

Simple dislocations at the interphalangeal joints are not very common,
partial dislocation of the middle phalanx being the most frequent. Eeduction

is as a rule easily performed, but there is often subsequent stiffness of the joint.

Compound dislocations, whether at the interphalangeal or metacarpo-

phalangeal joints, are also met with. Eeduction is as a rule easy, and the

treatment otherwise is to be carried out on general surgical principles.

5. Inflammatory Affections.—The fingers may be the seat of ulcers, chancres,

bursitis, ganglia, etc., none of which require detailed description here.

Whitlow or paronychia is the term signifying inflammation of a finger. It

is almost invariably the result of trauma, which may, however, have been so trivial

an abrasion, scratch, or pin-prick that it was disregarded, but which sufficed for

the entrance of pathogenic micro-organisms into the tissues. The bacteria most
commonly associated with these whitlows are the Staphylococcus aureus, S. albus,

and streptococci. The state of the general health is an important etiological

factor, whitlow occurring, costeris paribus, most frequently in debilitated subjects

and in delicate children. Apart from acute periostitis, the inflammation mainly
affects either the skin and cellular tissue, or the synovial sheaths and tendons.

There are thus two chief varieties of whitlow : (1) Superficial, (2) Deep.

(1) The former, where chiefly the areolar tissue and skin are involved, is both
the more frequent and also the simpler of the two varieties. The inflammation

commonly commences in one of the terminal phalanges, usually on the palmar
surface, and varies greatly in intensity. If the skin alone be affected there may
be merely redness and slight pain, or there may also be serous or purulent effusion,

manifested as a bulla on the surface of the digit. If the cellular tissues are

involved, the signs are more marked. There is greater pain and throbbing, the

finger is hot and swollen, and if suppuration has occurred fluctuation may be elicited.

If the condition has been neglected the pus may have made its way through the

cutis, the inflammation may have involved the tendon sheaths, or if the whitlow
commenced at the finger-tip there is a special liability to necrosis of the long flexor

tendon and of the terminal phalanx. This variety of whitlow is not usually, unless

neglected, of a serious nature, although often accompanied by such general con-

stitutional disturbance as occurs from inflammatory processes elsewhere. One
special form of these whitlows may be mentioned, viz. perionychia. The suppura-

tion here affects the matrix or the root of the nail and causes great pain ; the

nail becomes detached, or if not, it will usually require to be removed before a cure

can be effected.

(2) The second variety, in which the tendon sheaths are affected. Here the

inflammation starts either in the sheaths themselves or extends to them from the

cellular tissue or the bone. The condition is a more serious one, the pain and
swelling are more intense, and the constitutional symptoms are more severe.^ The
tendons are liable to necrose, and in this variety of whitlow, as well as in the

former, the inflammation may extend to the periosteum and bone and cause

necrosis. The anatomical arrangement of the flexor sheaths of the thumb and
little finger affords the explanation why this variety of whitlow is more dangerous

in the thumb or little finger than in the other digits, and why the suppuration

more often extends to the forearm.
Treatment.—In the milder forms, where the skin is chiefly affected, simple wet

dressings, preferably of a weak antiseptic nature, may suffice to relieve the pain,

and a cure may often result without further treatment. If suppuration has oc-

curred with the formation of a bulla, this should be opened, the sero-purulent fluid

evacuated, dead epithelium removed, and a wet dressing applied. When the

areolar tissues are involved, and even though suppuration has not yet occurred, a

free incision is indicated. This is of great benefit in checking any further exten-

sion of the suppuration, and in warding off necrosis of the bone and tendons.
_
If

there are signs of suppuration in the synovial sheath the incision must be carried

down so as to open the sheath freely, and if the suppuration has spread to the

forearm incisions there are also required. Subsequent elevation of the limb and

antiseptic wet dressings are necessary until suppuration has ceased, when a dry
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dressing should be substituted. A purgative should be given at the outset, and
the general health attended to by suitable tonic and hygienic treatment. Amputa-
tion of the finger may be the proper treatment in some cases, especially when the
bone is necrosed, or if the destruction of tendons and other soft parts is so great as

to afford little hope of the finger being afterwards in any way useful to the
individual.

In some cases the inflammation is extremely intense and spreads rapidly up to

the forearm. The condition is really that of a streptococcal cellulitis, and must be
treated by free incisions and by continual immersion of the limb in a warm bath
of some weak antiseptic. Stimulants should be given internally, antistreptococcic

serum is of benefit in some cases, but amputation of the arm may be required to

save the patient's life.

6. Tumours of all varieties, simple and malignant, may occur in the fingers,

affecting the bones or the soft parts. The most common are chondromata, which
consist of hyaline cartilage encapsuled in osseous tissue. They usually originate

in the neighbourhood of the epiphyseal lines, are elastic and firm unless mucoid
degeneration has occurred, painless, as a rule multiple, though sometimes solitary,

and at times undergo ossification. They usually arise from the fingers, hands, or

feet of children or young adults, and owing to their number, or to the inconveni-

ence they cause, they may require removal. In most cases the best method of

removal is by incision of the bony capsule and enucleation of the tumour. Excision
of the bone from which they arise, or amputation of the affected fingers, may
possibly be advisable if the chondromata are very numerous, or of a mixed sar-

comatous nature.
7. Diseases of Bones and Joints.—Acute periostitis and osteomyelitis occur

in the fingers as elsewhere. Both conditions may arise from extension to the bone
of an ordinary whitlow, and result in partial or more extensive necrosis.

Tuberculous Dactylitis.—This disease is of the same pathological nature as

tuberculous disease of other bones. It is of fairly common occurrence in children.

The finger is swollen and occasionally painful. The skin, which at an early stage

is quite healthy, often, however, presents a red and shiny appearance, with later

on evidences of ulceration, sinuses, etc. The necessary treatment varies in different

cases. Scraping and excision of the diseased parts may be sufficient, though
amputation is often required. In children the condition closely resembles syphilitic,

dactylitis. The latter, which is much less common, occurs as a result of either

inherited or acquired syphilis. It is essentially a gummatous periostitis, it may
result in necrosis of the bone, and the patient often exhibits other signs of syphilis.

Rachitic thickenings of the ends of the fingers have been observed in severe cases

of rickets.

Acute synovitis, which is as a rule due to injury, simple chronic synovitis,

resulting often in some degree of anchylosis and tuberculous disease of the joints,

all occur in the fingers as in other joints. Rheumatism in all its forms frequently

attacks the fingers. As one of the sequelae of the acute form there may be an
extreme degree of ulnar flexion of the fingers. In the ordinary chronic type the

finger-joints are often fusiformly enlarged, and there is more or less fibrous anchy-
losis with stiffness of the joints, and pain and creaking on movement.

Arthritis deformans.—Rheumatoid arthritis in young females often first affects

the fingers. It produces a variable degree of swelling about the joints, over which
the skin feels hot and is reddened. There is often pain on movement of the fingers.

As the disease progresses one sees well-marked muscular wasting, especially of the

interossei, with resulting deformity of the fingers. In most cases grating can be
made out owing to bony erosion, and in late stages one finds bony anchylosis.

In gout the fingers are affected by occasional premonitory painful twinges, by
true attacks of gouty " inflammation," and finally by swelling of the joints, de-

formity of the digits, and by the presence of tophi over which the skin often

ulcerates.

Fl rst Aid —A full account of the theory and practice of first aid is outside

the scope of this work, but will be found in the references under literature. The
object of the present article is to supply such information as will be found valuable

in the various emergency cases which come under the treatment of practitioners.

The subject will be discussed in the following order :

—

(i.) Shock, concussion, and compression, asphyxia following injury or various

forms of poisoning.
(ii.) Improvised antiseptics, dressings, bandages, and splints available for

wounds, fractures, sprains, and dislocations.



FIEST AID 491

(iii.) Means of transport.

(iv.) Unconsciousness, epilepsy, apoplexy, hysteria, fainting, various poisons.

(v.) Burns, frost-bite, bites of animals, haemorrhage, foreign bodies.

(i.) Shock, etc., and its Treatment.—Shoch results from injury to

large surfaces or from the implication of important organs in crushes or

buffer accidents ; sometimes there is marked shock, mental in character,

following mild assaults. In railway accidents and in intoxicated persons

the onset of shock may be delayed some hours. The chief symptom of

marked cases is great depression of all the vital powers, and constant

attention is needed to produce reaction ; rest and warmth are to be com-

bined with vigorous chafing of the limbs with hot cloths, raw brandy
sponged round the mouth, and teaspoonfuls of hot stimulants given with

caution lest sickness be produced.

In concussion unconsciousness is, as a rule, of short duration, and con-

tinuance of it longer than some minutes would suggest the possibility of

more serious injury to the substance of the brain. A blow on the chin,

falls on the buttocks or feet when the spine is straight and rigid, are the

common indirect causes of concussion. However slight the concussion may be,

care should be taken in the treatment ; the body warmth is to be maintained,

and absolute rest to all the senses ; alcohol, except in very severe cases,

should be avoided, and later when reaction sets in a dose of opening

medicine is advisable.

This condition of concussion may pass into compression; frequently,

however, there is recovery from unconsciousness, and then a gradual relapse

with motor paralysis, the bladder requiring to be emptied. When doubt

exists as to the diagnosis from sunstroke, exposure to cold, apoplexy, or

neurotic poisoning, the patient should be carefully watched before active

interference be undertaken, the treatment in the meantime being the same

as for concussion.

Asphyxia, due to mechanical interference with the oxygenation of the

blood, occurs in strangulation or hanging, foreign bodies in the air-passages,

oedema following scalds, wasp stings, and corrosive poisons ; in addition it is

seen in drowning, and where there has been exposure to gases either

incompatible with Life or poisonous in their nature, as carbonic oxide. The
treatment in all such cases is to remove the cause as far as possible, and

adopt artificial respiration, which should be continued as long as there is a

suspicion of the heart beating. It does not always follow that recovery takes

place after the re-establishment of respiration ; all such cases should then

be carefully watched. Foreign bodies about the air-passages require prompt

treatment, the finger should be swept over the back of the throat, and this

failing, the trachea must be opened with whatever sharp knife comes to

hand, a hairpin will keep the lips of the wound apart while artificial

respiration, if needed, is carried out. If blood be entering the trachea the

head should be turned well to the side.

The oedema which follows scalds, wasp stings, and corrosive poison comes

on very rapidly. If there is time the inhalation of steam should be tried,

and failing this, together with indrawing of the chest with inspiration, the

trachea must be opened.

The treatment of the apparently drowned is to remove weeds or other

foreign bodies from the throat, then to empty the air-passages of water by

squeezing the chest and inversion, finally carrying out artificial respiration.

When poisonous gases overcome an individual, as is seen in coal mines,

sewers, near limekilns, etc., removal to fresh air is the first treatment, and

then the carrying out of artificial respiration. In all cases marked cyanosis
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not tending to disappear should be treated by the opening of a vein and the

withdrawal of blood which is embarrassing the right side of the heart.

(See " Asphyxia.")

(ii.) Impkovised Dressings and Splints.—All wounds should be

washed with some emergency antiseptic, the most readily obtained being

turpentine and alcohol, the latter used diluted with an equal quantity of

water ; cinders and other foreign bodies should be removed as far as possible

and a dressing applied. Such dressing should consist of a piece of clean linen

dipped in one of the emergency antiseptics, or when the wound is an incised

one a piece of tinfoil or waterproof may be applied and kept in place by
means of some improvised bandage, the triangular bandage being more
easily obtained and applied than the roller. It is made as follows:—

A

piece of cloth, some two to three feet square, is divided diagonally to form

two triangles ; the chief points in each triangle are the base AB, and the

apex 0. As a triangle it is used to cover in large areas and to make slings,

but when smaller surfaces are to be bandaged the triangle

must be folded, the apex C to the base line AB, and the

area left once gain folded towards the base line; the

result is known as the broad bandage ; folding this broad

bandage once again towards the base line makes the

narrow bandage. In bandaging the head for large

scalp wounds the open triangle is used ; its apex placed over the root of

the nose, laterally, or over the occiput, and the base line AB, which lies

on the opposite side, is then carried round the head, keeping well below

the occiput and just above the eyebrows ; it is then knotted and the

apex pinned over or included in the knot. Wounds in the region of

the eye are covered by the narrow bandage, which encircles and passes

obliquely round the head. When the lower jaw is fractured or dis-

located the narrow bandage is also employed ; the centre includes the chin,

and one end is carried up till just in front and above the ear ; the other

end is carried up in front of the other ear, over the vertex, and down till it

meets the first end; here they are twisted on each other so that the direction

of the ends now pass one forwards above the eyebrows, the other backwards

below the occiput ; they are then knotted. This arrangement is also used

for retaining dressings in the temporal region or compressing the temporal

artery in haemorrhage from it or its branches.

In burns of the chest, dressings can be fixed on one side, for example, the

right side, by employing the triangular bandage ; the apex is laid well over

the shoulder of the same side, the area of the triangle hanging down in

front ; the base is now carried round the chest to the back and knotted

beneath the right shoulder, consequently one end of the base is left longer

after the knotting ; this end is in turn knotted to the apex. The process

is reversed when the back of the chest is to be bandaged.

It is not often that the shoulder requires to be bandaged, gunshot,

lacerated wounds, and burns being the conditions requiring dressings. Two
bandages are needed ; one used in the triangular form is placed over the

shoulder, the apex lying on the corresponding side of the neck, and the base

over the upper arm; the base is now carried round the upper arm and

knotted. As in injuries of the upper extremity a sling is advisable, the

second bandage is utilised as such, and passes round the neck over the apex

of the first bandage which is pinned to it.

As the full-sized triangle is too large for the elbow the base is folded

towards the apex, so as not only to reduce the size, but to obtain the

advantage of the narrow bandage. The apex is placed well above the top
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of the elbow, and the ends of the base are carried from behind forwards and
upwards so as to cross in front of the joint, and then pass backwards,
including the apex in this turn ; if there is sufficient bandage the ends are

carried forward again and knotted in front.

The narrow bandage is used for the upper arm, forearm, and palm

;

especially in the lower third of the forearm it is useful, cuts being common
here, and in such injuries about the wrist investigation should be made
concerning the tendons and nerves which may possibly be divided. The
palm is often lacerated by falls on it, and cuts involving the palmar arches

require localised pressure ; in both these conditions the narrow bandage is

applied by placing the centre on the palm, the ends pass outwards and
inwards, then upwards over the dorsum, where they are crossed and continued
round the wrist and knotted.

Smashes of the hand and fingers can be covered by using the whole
triangle ; the hand is laid on it, the fingers towards the apex, and arranged

so that when the apex is turned back it will not only cover the back of the

hand, but lie well upon the wrist ; the base is now carried round the wrist,

enclosing the apex, and they are all knotted together. In wounds or burns
about the hip two bandages are required : one, employed as a triangle, is

placed with the apex on the abdomen, while the base is carried round the

thigh and knotted ; the other bandage is used as a waist belt, including the

apex of the triangle which is knotted to it.

The thigh, knee, leg, and foot are all bandaged in a manner similar to

that of the upper extremity. (For roller bandages see " Bandaging," vol. i.)

Improvised splints are of all sorts ; among the most suitable and obtain-

able are wooden boards, leather belting, cardboard, folded newspapers, straw

bottle-holders, basket work, heather tied in bundles. In the lower extremity,

in addition, longer forms of splints are required, such as broom-handles, un-

loaded guns, umbrellas, etc. These can be padded with whatever soft

material there is at hand,—moss, heather, hay, shavings, feathers, stockings,

and in cases where there is no appearance of blood through the clothes they

can be left on.

Fractures of the upper extremity do not of necessity require emergency

splints, but these give such relief that they should be applied. In the

common fracture, that of the collar-bone, when triangular handkerchiefs are

not available, the following method is useful :—A walking-stick is placed

horizontally behind the back about the level of the scapulse, both elbows are

hooked behind it, and a handkerchief tied to the wrist of the affected arm is

carried over the sound shoulder down the back and fastened to the walking-

stick. Cardboard, newspapers, and straw are very useful in the treatment

of fractures, both of the upper and lower arms ; where both forearms are

broken, the arms should be crossed and fastened to the same board placed

anteriorly. In addition to the short splints, such long splints as have been

mentioned are of service in fractures about the thigh, and it must not be

forgotten that the sound leg makes also an excellent splint. Fractures

of the fibula can be well fixed with an external splint, or should the injured

person be wearing riding-boots they can be left on.

The commonest injuries to joints are sprains, the wrist, ankle, and knee

being chiefly affected ; .they can be distinguished from dislocation by the

movements of the joints being natural ; much depends on the first treat-

ment ; elastic pressure is the best, obtained by padding the part well with

stockings or shawls, wool, etc., and finally bandaging them in place.

Dislocations are best left alone except to support the part beyond, as

skilled assistance is usually required to bring about reduction ; however, in
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dislocations of the phalanges, as happens when a cricket ball strikes the
tip of the finger, reduction can be effected by pulling on the distal portion.

(iii.) Means of Transport.—The transport of the injured depends
greatly on the amount of assistance the patient himself can give ; if he is

able to walk the injured person places his sound arm round the assistant's

neck, while the latter places his arm round the patient's waist. When walk-
ing is impossible, two people can carry an individual by means of the two-

handed seat. Facing each other, the two assistants grasp right and left

hands low down, while the disengaged arms are placed on each other's waist

to form a back. The three-handed seat is made by an assistant A grasping

one of his own wrists, the second assistant B now seizes with one hand A's

only free wrist, while A's disengaged hand grasps B's wrist ; a back is formed
by the second assistant B placing his free arm on A's shoulder. The four-
handed seat is made by each assistant grasping one of his wrists, e.g. the

left with the right hand, their disengaged hands now grasp each other's free

wrists ; the patient here must be able to help by placing his arms round the

assistants' necks.

Stretchers can be made from doors, planking, poles interlaced with rope,

unloaded guns, or poles pushed through the mouth of a sack and out at the

two bottom corners. Coats, especially overcoats, can be utilised by turning

the sleeves inside out ; the coat is then buttoned in the ordinary way
;
poles

or guns are now pushed through the sleeves. All stretchers should be

tested before using them.

The method of lifting the patient on to the stretcher depends on. the

number of assistants ; for instance, if there are three, A, B, and C, A kneels

on one knee by the injured side, and if it is a fracture of the lower extremity

he devotes his attention to it. B and C kneel on their right knees on the

other side and place their arms beneath the patient's buttocks, back, and
shoulders ; at a given signal all lift together and lay the patient across their

left thighs
;
pausing for a moment, A, B, and C then assume the erect

posture and carry the patient to the stretcher, where the performance is re-

versed. The stretcher should be carried with short steps and the knees

slightly bent. In the conveyance of a patient by rail two or three boards

should be placed across the seats of a carriage and the stretcher laid on them,

assistants sitting in between to steady the injured person.

(iv.) Unconsciousness, Fits, etc.—When a person is discovered in an
unconscious or semi-conscious condition the first thing that must be done is

to loosen the clothing about the neck, and to maintain the body warmth,
then investigation of the cause may be proceeded with.

Fainting, with its attendant languor, pallor, and feeble pulse, should be

treated by keeping the head low, with external and internal stimulation,

provided the bleeding point, if there be one, is secured.

Epileptic fits are generally characteristic, a warning cry followed by a

fall and rigidity ; this condition is followed by clonic convulsions with

frothing at the mouth, often blood-stained ; then comes a lethargic sleep, from

which it is difficult to rouse the patient. If such a case be seen at the

onset of the clonic convulsions something should be placed between the

teeth so as to prevent the tongue being lacerated ; care must be taken

not to knock the teeth out. When the convulsive stage has passed off an

endeavour should be made to obtain the patient's name and address, as a

lucid interval occurs in some cases at this time. " Fits " in children, though

alarming, do not of necessity imply great seriousness, as they are frequently

reflex to some peripheral irritation.

Hysterical fits may resemble epileptic, but there is not the profound
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sequence of events; the patient is not hurt by the fall, and the conjunctivae

are sensitive. Cold water liberally applied is a most useful restorative.

Apoplexy occurs in the elderly : the sudden onset, the vacant face,

stertorous breathing through frothy lips, the unequal pupils with insensitive

conjunctivae, and the paralytic condition of one side, are as a rule sufficient

evidence of the ailment. It may resemble alcoholic poisoning, but is more
profound, the unilateral paralysis and unequal pupils assisting the diagnosis

of the graver affection.

Uroemic Jits may resemble epileptic or apoplectic, and if the person so

affected be known to suffer from kidney disease, an endeavour should be
made to induce perspiration by the application of numerous hot bottles. In
uraemic coma the pupils are equal, and the loud hissing character of the
breathing assists in distinguishing it from apoplexy.

Excessive moist heat is the common cause of sunstroke, the symptoms
taking the form either of shock or of sudden unconsciousness, characterised

by a feeble pulse, cold skin, with rapidly failing respiration and circulation
;

the prompt treatment of this condition by free douching with cold water
often restores the patient.

Among the poisons which produce unconsciousness opium is the com-
monest ; the characteristic symptoms of pin-point pupils, stertorous breathing,

and intense drowsiness are generally present when aid is summoned. If seen

early emetics may be given, such as mustard and hot water, a teaspoonful to

the tumbler repeated every ten minutes ; it is better, however, to wash out

the stomach if a tube can be obtained, then potassium permanganate can be
given, 8 or 10 grains, and the patient kept moving ; if this is impossible he
can be roused somewhat by nicking the soles of the feet with a wet towel.

Prussic acid causes almost immediate death, but if seen sufficiently early,

rapidly-carried out artificial respiration may restore life.

In poisoning by belladonna, the symptoms of dilated pupils, thirst, and
delirium, with the history, possibly, of eating belladonna berries, is generally

conclusive ; such a case should be treated by the stomach-pump, the

administration of hot coffee, and artificial respiration if needed.

Carbolic acid acts not only as a corrosive, but also as a narcotic ; the smell

is generally diagnostic ; white of egg or Epsom salts should be administered,

stimulants also if indicated.

The corrosive poisons are chiefly local in action, and require therefore

local treatment ; after the acid or alkali has been neutralised, olive oil is

a useful substance to apply to the mouth and throat.

Oxalic acid acts not only as a corrosive, but frequently causes death by
its action as a cardiac depressant ; whiting, chalk, plaster, and lime water

are all useful antidotes.

Irritant poisons produce burning pain in the throat and gullet, followed

by epigastric pain, and later nausea, vomiting, and purging. Arsenic is the

most common of the metallic forms, and should be treated by emetics, salts

of iron, milk, and stimulants, and later by some soothing drug, such as

bismuth. Cantharides and the various forms of food poisoning are also

irritant in character.

(v.) Sundey Accidents.—When the clothes catch fire the best method
of extinguishing the flames is to wrap a rug, blanket, or coat tightly round

the person ; the burn which results is to be treated by carefully removing

the clothes so as not to detach the thin skin of the blisters ; handkerchiefs or

linen smeared with vaseline or other greasy preparation should be applied

to the part. As the danger from burns and scalds depends on the surface

involved, the person should be put to bed and watched for shock.
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Frost-bite is more apt to occur when it is damp, cold, and windy than in

still frosty weather, and the serious local manifestations are when the

extremities or exposed parts become dead white and insensitive ; in the

treatment of such a case the danger lies in the production of too sudden a

reaction with consequent death of the part. A person affected with frost-

bite should be treated in a cold room, the parts rubbed with snow or cold

water for many minutes. Gradually the increasing body warmth and
circulation is further assisted by the administration of hot drinks before

transference to a warmer room is attempted. The general condition of

drowsiness seen in cases of long exposure to cold should be combated by
active massage and rousing. Wounds complicated by the possible entrance

of poisonous matter, as happens in the bites of rabid animals, snakes, etc.,

require immediate attention. A tourniquet should be applied to the limb

above the wound, and if there be no abrasion about the lips, it should be

sucked and bleeding encouraged, while incisions round about aid the flow

of blood probably poisoned. Cauterisation of the wound should be carried

out with a fusee or anything hot which is at hand. At the end of a couple

of hours the tourniquet may be loosened for a few minutes, and this is to

be repeated provided severe general symptoms do not develop.

When a wound is complicated by injury to blood-vessels it is as a rule

associated with external hemorrhage ; the bleeding, whether arterial or

venous, can be controlled by pressure applied to the actual spot. In .the

case of arterial hemorrhage, pressure on the artery alone, by means of

either the fingers or tourniquet, also suffices, the last being the least tiring.

Venous bleeding is controlled by a local pad and bandage, or elevation only,

when it comes from a varicose vein of the leg. Haemorrhage from the nose

is due sometimes to the rupture of a vessel on the anterior part of the

septum, and so can easily be compressed ; in other cases the severity of the

bleeding may call for more active treatment. Plugging the nostril can be

carried out by pushing into the nose a portion of fine linen or silk handker-

chief on a narrow penholder ; this process, like the finger of a glove, is now
stuffed with wool or other emergency packing. Persistent bleeding from

the socket of a tooth can usually be controlled by packing the cavity with

wool soaked in turpentine, and placing above this pads of handkerchief so

that the subsequent bandaging together of the jaws will induce pressure on

the bleeding spot.

Internal hemorrhage when it is diagnosed should be treated by absolute

rest, and if there be great thirst, whatever is given should be cold.

Foreign bodies are as a rule easily removed from the eye, unless beneath

the upper lid, when eversion of it is required. Foreign bodies fixed in the

cornea should not be dealt with at once ; it is preferable to insert a drop or

two of sweet oil between the lids and bandage the eye, till careful treat-

ment can be carried out with a view to possible complications. Children

frequently introduce foreign bodies into their ears ; these are easily extracted,

except rounded bodies, more especially peas, which are apt to swell with the

heat and moisture ; forcible syringing of the ear with warm water often

dislodges them, but failing this no amateur attempts should be allowed lest

damage be inflicted to the drum.

In the nose foreign bodies may be extracted with less fear of injuring

important parts.

LITERATURE.—1. Lawless. First Aid to the Injured and Management of the Sick.—2.

J. Scott Riddell. A Manual of Ambulance.—3, Surgeon-Major Shepherd's First Aid to the

Injured, St. John's Ambulance Association.
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As most of the important pathological fluids are of the nature of

transudates and exudates, it is necessary to compare with them the
normal lymph transudations that exist in the body. The fluid which
percolates through the tissues during life is necessary for their existence.

It surrounds the individual cells and is collected in fissures, canals, and sacs

of various forms. Of the latter the most important are the large serous

sacs, the pleurse, peritoneum, and those surrounding the central nervous
system. These are in communication with lymph-vessels, and these in their

turn with blood-vessels. The tissue fluids are derived from the blood, and
are used as media not only for the carriage of food constituents from the

blood for the different groups of cells, but also for the transmission of

substances formed in the tissues to other organs either for the nutrition of

the latter or, if the bodies be effete products of metabolism, for excretion.

They naturally vary much in composition in different situations. The
lymph, as it occurs in the lymphatics, is however characterised by the very
high percentage of water, saline taste, and capability of slow coagulation. It

is much poorer in proteids than the blood plasma, contains very few white
blood corpuscles, practically no oxygen, and about 50 per cent carbonic acid,

which has a lower pressure than in venous, but higher than in arterial

blood. Eoughly speaking, one may give the following as the average

composition of human lymph :

—

Per cent.

95Water .....
Total solids ....

(a) Proteids

(6) Fats, cholesterin, and lecithin

(c) Salts ....
5

4
0-4

0*6

The amount and character of this fluid may be affected in various ways,

e.g. by the substances passing in from the alimentary canal, by nutritive or

vol. hi 32
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toxic products derived from the tissues, by alterations in blood-pressure, by
variations in the composition of the blood, or from alterations in the walls

of the blood capillaries. If the fluid differ only slightly from that of the

normal lymph, the most marked alteration being that in quantity while
the specific gravity remains low, then it is spoken of as a transudate. If it

be of higher specific gravity, richer in proteids and cloudy in appearance,

then it is termed an exudate. The latter probably arises from an increased

permeability of the capillary walls resulting usually from the action of

toxic substances formed in the tissues. Whether, in addition to the action

on the permeability of the capillary walls, there may not also be an action

directly on the secretory activity of the endothelial cells, it is difficult to

say. Heidenhain referred to lymphagogues of two descriptions—those which
caused a marked increase in lymph production without increase of blood-

pressure, the lymph so produced being richer in proteids than before, while

there was a diminution in the percentage of these bodies in the blood

plasma. Heidenhain believed that this lymph, the so-called " blood-lymph,"

is produced by the secretory activity of the capillary endothelial cells, while

Starling holds that these lymphagogues increase the permeability of the

vessel walls, and that the reason for the increase in solids in the lymph is that

there is a marked increase in the hepatic lymph which is rich in proteids.

The other class of lymphagogues described by Heidenhain produced a

great increase in a very watery lymph, the percentage of water both in the

lymph and in the blood being higher than before. Saline solutions are the

best examples of this class of lymphagogue. In this case the water is

supposed to be principally derived from the tissues, and so Heidenhain
termed it " tissue lymph." But here also there seems to be an increased

permeability of the capillary walls or, as in the case of the lymphagogue
sugar, an increased secretory activity of the endothelial cells. It is not

desirable, even if it were possible, to view the three important etiological

factors separately, viz. alterations in blood-pressure, composition of blood,

and condition of capillary walls. One must remember that the permeability

of the capillary walls, and probably also their secretory activity, may be
affected by the alterations in blood-pressure as well as by variations in the

composition of the blood. When the venous flow is hindered the fluid which
passes out is poorer in solid constituents than the normal lymph. It is now
known that the blood may be very markedly impoverished, especially with
regard to its albuminous constituents, without the production of a transu-

date. Undoubtedly the most important factor is the alteration in the

capillary wall. Such pathological transudates contain very frequently red

as well as white blood corpuscles, and often also separated endothelial cells.

The specific gravity of transudates varies but slightly, usually from 1*004 to

1*012, and the solid constituents are as a rule less in quantity than in

normal lymph. Different pigments may be present in small quantity in

transudates, the most important being lutein, oxyhemoglobin, haemoglobin,

methsemoglobin, hsematin, and rarely hsematoporphyrin. These may be

identified by spectroscopic examination.

It will be advisable to give at this place a short description of a method
which may be employed for a more or less complete analysis of a transudate

or exudate, or in fact any other pathological fluid.

(1) General physical characters of the fluid—colour, presence or absence

of opalescence, consistence (tested by pouring out a little of the fluid),

and deposit.

(2) Specific gravity taken with pyknometer or urinometer.

(3) Eeaction.
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(4) Deposit. The fluid should be allowed to stand for some time, a

small amount of chloroform water being added to prevent decomposition,

or better, at once centrifugalised, and the deposit examined microscopically

for leucocytes, pus corpuscles, red blood corpuscles, epithelial cells, crystals,

etc. The supernatant fluid should be examined spectroscopically.

Chemical Analysis of the Fluid.—(1) Total Solids.—Take 20 c.c.

in weighed porcelain dish, evaporate to dryness on water bath, then in

vacuo over sulphuric acid, and finally in hot air bath at 105°-110° C, until

of constant weight. Cool over sulphuric acid in exsiccator and weigh.

State total solids in percentage.

(2) Glucose, Fats, Lecithin, Cholesterin.— Extract the dried residue,

obtained as described above, with boiling alcohol and ether for one hour

on water bath with an upright condenser fitted on to flask in order to

prevent loss of fluid. Make up the alcoholic ethereal extract to a fixed

volume, say 200 c.c. Divide this into two equal portions ; in one examine
for glucose, in the other for fats, lecithin, and cholesterin.

(a) Glucose.—Evaporate down one portion (100 c.c.) to dryness, and
then extract residue with hot water in order to dissolve the glucose.

Now estimate the reducing power of this solution before and after

fermentation with yeast in order to determine whether any reducing sub-

stance apart from fermentable glucose be present. From the amount of

Fehling solution reduced the quantity of glucose present can be calculated.

(&) Fats, Cholesterin, Lecithin.—Evaporate down the other portion at first

on the water bath, and then in the exsiccator. Extract residue with warm
ether, evaporate off the ether and weigh the residue= fats, cholesterin, lecithin.

To estimate these separately the residue is dissolved in hot alcohol, and
then absolute alcohol containing an excess of caustic potash is added. The

mixture is kept on the water bath at boiling point for one hour, and the

alcohol then removed by evaporation. The residue contains potassium

soaps, glycerine, caustic potash, glycero-phosphate of potassium, cholin, and

cholesterin. Of these substances only two require to be estimated, namely,

the glycero-phosphate of potassium and cholesterin. Dissolve the residue

in water and pour the solution into a flask, then extract with an equal

quantity of ether, fresh ether being used three or four times. The ethereal

layers are poured off and collected, and the ether evaporated off, the chole-

sterin residue then being weighed.

The watery extract is evaporated down to dryness, incinerated with

potassium nitrate, the ash dissolved in hot water, and the phosphate esti-

mated.

The amount of lecithin is obtained by multiplying the weight of

magnesium pyrophosphate by 7*27.

If the amounts of cholesterin and lecithin be added together, and the

sum subtracted from the total weight of the residue of the alcoholic-

ethereal extract, the amount of fat is obtained.

(3) Froteids.—The most important ones to estimate are those coagulable

by heating. Take 25 c.c. of the fluid and dilute with four times its volume

of water, neutralise the fluid, bring to boiling point, and then acidify with

a few drops of weak acetic acid. Filter, wash precipitate with boiling

water, alcohol, and ether, then dry first at moderate and then at higher

temperatures up to 115° C. Cool in exsiccator and weigh. Dry until no

more weight is lost. Incinerate the dry residue and subtract weight of

ash from that of dried coagulum. In this way the coagulable proteids,

free from salts, are estimated. The other proteids that may be met with

in pathological fluids will be referred to later on in this article.
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Composition of Transudates and Exudates.—Not only is the amount
of proteid in inflammatory exudates greater than in transudates, but the

decomposition products of the albuminous substances also share in the

increase. Paijkull made the interesting observation that inflammatory

exudates always contain nucleo-albumins, while transudates do not. The
amount of proteid in different serous transudates varies, always being

greater in pericardial, pleural, and peritoneal fluids than in the arachnoideal.

This may be due to a different degree of permeability of the capillary walls

in these regions.

The specific gravity of different transudates and exudates runs parallel

with the amount of albumin which they contain. The proteids which are

most commonly met with are serum albumin, serum globulin, and a small

quantity of fibrinogen. Traces of mucin and nucleo-albumin are also often

present. Albumoses and peptones never seem to be present, with the

possible exception of the cerebro-spinal fluid. Transudates, unlike exudates,

if they undergo coagulation at all, only do so very slowly, owing to the

small amount of fibrinogen which they contain. The gases are the same
as those that occur in lymph. Glucose is practically always present and
very often traces of levulose. Frequently other reducing substances have

been met with. Traces of sarcolactic, uric, and succinic acids, inosit and
creatin also are often to be discovered. The amount of urea varies greatly

in different transudates ; very often only traces, however, are present. It is
.

still doubtful whether pyrocatechin occur or not. The amount of fat

varies greatly just as it does in the lymph, in certain cases when there has

been a rupture of lacteals the peritoneal fluid may contain large quantities

of fat. Cholesterin and lecithin are usually present in small quantities.

Pericardial Fluid.—One can obtain sufficient of this fluid for examina-

tion even under normal condition. It is of a light yellow tint, of low

specific gravity (1*006 to 1*013) and slightly viscid. Probably the most

accurate analysis of this fluid is one given by Hammarsten :

—

Per cent.

Water 96*085

Solids 3915
(Fibrin . 0*031

Proteids .... 2*86 i Globulin . 0-595

IAlbumin . 2*234

Soluble salts . . . 0-860

Insoluble salts . . . 0*015

Extractives . . . 0*200

Pathologically this fluid may be simply increased in the amount of the

transudation, or it may show an increase in the fibrin. In other cases it

may contain blood or pus, or constituents derived from these or chyle. In

the latter case the fluid is richer in solids than under other conditions

(Hasebroek).

Pleural Fluid.—This varies greatly in consistence and specific gravity.

Under normal conditions it is present in such small quantity that it has

never been analysed. Pathologically, it may be serous, sero-fibrinous, sero-

purulent, or purulent, and hence it varies greatly in specific gravity, owing to

the varying amounts of proteid present. In hydrothorax the specific gravity

is usually much lower than in pleuritis (as a rule being about 1*01), owing

to the fact that the amount of proteid in the former condition is from 1 to

3 per cent, while in the latter about 3 to 7 per cent is present. The specific

gravity in pleuritis is very often higher than 1*020. The total solids in



FLUIDS, EXAMINATION OF PATHOLOGICAL 501

some cases of empyema may rise to 10 per cent. The following table gives
the results of some analyses made by Halliburton :

—

Case. Sp. Gr.
Total Pro-

teid per cent.
Fibrin.

Ser.

Globulin.
Ser.

Albumin.

1. Pleurisy (acute)

2. „ „ ...
3. ,, ,, ...
4. Hydro-thorax (Blight's disease)

«• »j :j j;

6. Hydrothorax (heart disease)

1-023

1-020

1-020

1-015

1-012

1-016

5-132
3-437

5-201

2-518

1-324

1-482

0-016

0-017

0-108
0-006

0-006

0-013

3-002
1-240

1-760

0-659
0-402

0-779

2-114

1-189

3-330

1-851

0-915

0-700

Peritoneal Fluid.—Normally the quantity of this fluid is small, but
under different pathological conditions it may undergo a very marked
increase. If the increase in the fluid be due to the so-called hydrgemic
condition of the blood, or, more important, if it arise from venous con-
gestion, then the fluid has the typical characters of a transudate, that is to

say, it is of low specific gravity, clear and watery in appearance, coagulating
only with great difficulty, and almost free from former elements. Under
such conditions the amount of proteid varies, as a rule, from about -

5 to 3
per cent. In inflammatory processes the fluid poured out is characterised

especially by the presence of formed elements by its comparatively high
specific gravity, and by the fact that it rapidly undergoes coagulation. In
appearance it is also different from the transudates, being usually cloudy,

and often of a slightly brown tint, owing to admixture with blood pigment.
The ascitic fluid may be rich in fat, especially in the so-called chylous
ascites due to rupture of the lacteals, the percentage often rising as high
as 4*5 per cent. In addition to serum albumin and serum globulin

mucin may be present, which can be detected in the filtrate obtained after

boiling and acidifying the fluid. This last-mentioned proteid on boiling

with weak acids furnishes glucose. If fluid from an ovarian cyst should
become mixed with the peritoneal fluid, then instead of, or in addition to,

mucin, another closely allied proteid, pseudomucin, may occur in the
filtrate. This body is distinguished from mucin by the fact that it is not
precipitated by acetic acid. If the fluid be purulent, then the constituents

derived from the degenerating pus cells will be present. All or some of the

substances referred to as occurring in transudates, lymph, etc., may be met
with in the ascitic fluid, e.g. urea, uric acid, glucose, etc.

Bernheim gives the following analyses of fluids obtained in different

conditions. He estimated the amount of proteids and also calculated the

percentage by Eeuss' formula from the specific gravity. Keuss' formula is

P= f(S- 1000) -2-8 (P = Proteid per cent, S = Sp. Gravity (reckoned for

1000)).

Case. Sp. Gr.
Proteid per-

centage.
Same by Reuss'

Formula.

A. Exudates
Peritonitis (tuberculous) . 1-020 4-753 4-700

. 1-021 4-770 5-070

B. Transudates
Ascites

—

1. Nephritis parenchym. . 1-007 0-138 0-012

2. Cirrhosis hepat. 1-013 1-963 2-075

3. „ „ 1-014 2-634 2-560
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Cerebro-spinal Fluid.—In chronic hydrocephalus this fluid is of low
specific gravity, containing only a small percentage of solids (1*2 to 2 per

cent). These include globulin, albumose, rarely albumin, glucose, inorganic

salts, and probably pyrocatechin.

Ovarian Cysts.—The serous cysts of the Graafian follicles contain a

fluid which is of low specific gravity (1*003 to 1*020), and therefore poor

in solids. It does not differ from the other serous fluids previously

described.

Proliferous Ovarian Cysts.—In the smaller ones the fluid is much
thicker than in the larger ones, and is usually more or less colloidal in

nature. In some cases it may almost be as firm as a jelly, while in others

it is a stringy, viscid fluid. It has usually a bluish white, opalescent appear-

ance, but it is often also yellow or brown in colour, due to the presence of

broken-down blood pigment. The reaction is usually alkaline. The specific

gravity varies very much, in some cases being as high as 1*050, and in the

same way the amount of solids varies. The fluid, as a rule, does not

coagulate on standing. The most important constituent is the character-

istic proteid, pseudomucin, which possesses, in common with the mucins, a

carbohydrate radicle, but, unlike them, it is not precipitated by acetic acid.

The substance termed "colloid," which is said to occur in these cystic

tumours, is not well defined, being in all probability a mixture of pseudo-

mucin and other proteids. Serum albumin, serum globulin, mucin, and
fibrinogen may be present, but the last mentioned usually only in traces.

About 1 per cent salts and 0*5 per cent extractives and fats also occur, and in

addition a small quantity of cholesterin. The most important suspended

bodies are red and white blood corpuscles, epithelial cells, some having

undergone fatty, others colloidal degeneration, crystals of fatty acids, and
cholesterin.

The fluid in parovarian cysts is of low specific gravity, usually very pale

in colour, poor in solids, and apparently never containing pseudomucin.

The constituents of the dermoid cysts are, as one would expect, of the

most varied description.

Cysts occurring in other parts are usually characterised by the occurrence

of the special constituents of the tissues in which they appear. Thus cysts

of the pancreas contain the bodies found in the pancreatic juice, and should

always be examined for the presence of enzymes. Thus to one portion of

the fluid fibrin should be added, and the mixture kept at body temperature

for one or two hours, when it should be tested for albumoses and peptones.

To another portion starch should be added, and after half an hour's digestion

at body temperature the fluid should be tested for dextrins and maltose. It

is not necessary to test for the fat-splitting ferment. Cysts of the kidney

should be examined for urea, uric acid, and the different forms of renal

epithelium ; cysts of the mammary gland for the milk constituents ; cysts

of the salivary ducts for salivary constituents. There is, however, an

absolutely distinct form of cyst that requires to be referred to briefly, viz.

the hydatid cyst. These vary greatly in size, and hence in the amount and

consistence of the fluid which they contain. As a rule the specific gravity

is low, 1*004-1*012, and usually only a trace of albumin and a comparatively

large proportion of salts, especially sodium chloride (0*3-0*5 per cent), are

present. These cysts very often contain crystals of haematoidin, and are

also frequently stained with decomposed blood pigments. More important

than the chemical is the microscopical examination. If the fluid be allowed

to stand for some time a granular deposit settles down which should be

examined microscopically for the scolices developed from the inner layer of
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the membrane of the cyst, and also for the ectocyst. The lateral disc-like

suckers may be seen with the low or high power, and also the hooklets
arranged circularly. These also may be seen in the fluid along with threads
of the laminated membrane. The laminae of which the membrane is

composed can be easily separated by teasing when they are seen to be cross

striated.

Hydrocele fluid varies in colour, light yellow, brown, or greenish brown.
It is of comparatively high specific gravity, 1-015-1-030, and is thus rich in
solids (5-8 per cent). It may coagulate spontaneously, but as a rule blood
plasma or serum or fibrin ferment requires to be added. Very often
cholesterin crystals are present.

Spermatocele fluid is usually thin, colourless, of low specific gravity
(1'005-1'010), and it coagulates neither spontaneously nor on the addition
of fibrin-ferment. The difference in the composition of this fluid from that
of hydrocele is well shown in the following analysis by Hammarsten :

—

Constituents. Hydrocele fluid. Spermatocele fluid.

Water
Solids .

Fibrin .

Globulin
Serum albumin
Ethereal extract

Soluble salts

Insoluble salts

93-885
6-115

0-059
1-325

3-594
0-402'}

0*860 V
0-066 J

98-683
1-217

0-059

0-182

1-076

Blister Fluids, Bullae, of Pemphigus, etc.—In these the fluid is usually of

high specific gravity, being rich, the solids often rising to 5 per cent and
higher. Cellular elements are often present, the most important being

granular leucocytes. The fluid in pemphigus bullae often contains coarse

eosinophilous, polymorpho-nuclear leucocytes, and it is an interesting fact

that in such cases, if artificial blisters be raised, they are found to contain

not the coarse eosinophilous leucocytes, but the ordinary finely granular

oxyphil white blood corpuscles. (See also " Gout.")

Synovial fluid may be increased in various pathological conditions. It

is characterised by its viscous consistence, alkaline reaction, and presence of

degenerated cells. The body which renders the fluid viscid is in some points

similar to mucin, while in others it differs, e.g. it does not contain a

carbohydrate radicle. It is undoubtedly a proteid, and has been termed by
Salkowski synovin. The amount of the solids varies greatly, usually being

about 3 to 5 per cent. The fluid contained in bursas is very similar to

this.

Pus consists of a fluid, the serum, in which corpuscles float, and its con-

sistence varies with the relative amounts of these constituents. It may be

a thin watery fluid or a thick semi-solid mass, and hence the specific gravity

is a variable one. The reaction of fresh pus is alkaline, but may in the

early stages of decomposition react acid, becoming again alkaline after more

prolonged decomposition. The serum of pus is, as a rule, light yellow in

colour, with a tinge of green or brown in it. It will not coagulate

spontaneously or on the addition of fibrinogen, that is to say, it does not

contain fibrin-ferment. Its chief constituents are those of the blood serum,

except that it contains a nucleo-albumin derived from the breaking down
of the pus cells. This body, nucleo-histon, is precipitated on the addition
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of acetic acid to the fluid. The pus corpuscles have the same general com-
position as the leucocytes, but are characterised by the presence of a nucleo-

proteid which swells up in sodium chloride solution. Niiclein is present in

the nucleus, while lecithin, cholesterin, glycogen, purin bases, fats and soaps

occur in the protoplasm. In an analysis of pus one of the most distinctive

points is the large amount of phosphorus present. In old stagnant pus many
other decomposition products may appear, e.g. leucin, tyrosin, formic, butyric,

and valerianic acids. The yellow pigment that occurs in pus is termed

pyoxanthose, the blue pigment that occasionally is present pyocyanin.

The Bacteriology of Pathological Fluids

General Procedure.
—"Whether the fluid be removed during life or after

death, and whatever position in the body it may have occupied, the general

procedure is the same—(1) to collect a sufficient quantity without con-

tamination
; (2) to prepare films for microscopic examination

; (3) to isolate

pure cultures of the organisms present; and (4) to test their pathogenic

effect in suitable animals. Unless each of these particulars has been fully

investigated, the research is theoretically inconclusive, and any deduction

must be made with reservation ; but for many practical purposes it is not

essential that the process should be exhaustive; other data, clinical or

pathological, may confirm the diagnosis indicated by an incomplete bacterio-

logical examination. Moreover, in some conditions the methods are simple

and easy, and the" causal bacteria readily identified, whereas in other con-

ditions the process becomes tedious and complex, and the result may remain

obscure in spite of every effort. Thus the presence of tubercle bacilli may in

most instances with reasonable accuracy be determined by suitable staining

and microscopic examination ; while in other fluids, such as that obtained

by lumbar puncture in suspected tuberculous meningitis, the utmost care in

eentrifugalising, in staining and examining films, in cultivation on glycerine

media, and in the inoculation of animals, may be barren of result, even

though at the autopsy the morbid anatomy is characteristic.

In collecting fluids during life the chief precautions to be observed

include the thorough disinfection of the patient's skin at the seat of

puncture, the use of an aseptic syringe or aspirator, and the reception of

the fluid in a sterile vessel. It is obvious that antiseptic and disinfecting

substances should not be employed in -such a way as to allow any admixture

with the fluid to be examined. In the post-mortem room, also, special

precautions must be taken to collect the fluid without contamination.

When the fluid is only slightly turbid a considerable quantity should

be taken, several pints if possible, to admit of sedimentation; but -when
distinctly purulent, a few ounces will be found ample. It may happen
that, for various reasons, no fluid is obtained, only some semi-solid material

being withdrawn on the point of the needle. From that alone films may
be prepared, cultures obtained, and the diagnosis successfully completed, if

the observer has taken care to have cover-glasses and culture media ready

to hand.

Intrathoracic Effusions, Pleural and Pericardial. — As observations

become more extensive, and bacteriological methods more perfect, there is a

gradual accumulation of evidence in support of the statement that, with

few exceptions, inflammatory exudations into the serous cavities are due to

the action of micro-organisms. Pleuritic fluids, being more readily access-

ible during life than those in any other serous sac, have been studied with

most detail and fully bear out this contention. If the exudation be mainly
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serous, it is strongly held by many observers that the tubercle bacillus is

the chief causal agent. But the abundant effusion of fluid and the paucity
of the bacilli render their detection a matter of extreme difficulty even in

cases whose tuberculous nature is put beyond doubt by clinical or patho-
logical data. This obstacle to a complete bacteriological diagnosis during
life occurs in practically all serous effusions due to tubercle bacilli, in spite

of the utmost care in centrifugalising the fluid, and in staining and ex-
amining films from the sediment. Incubation on glycerinised media
usually also fails, though inoculation of animals may succeed where all

other means prove unsuccessful. When a tuberculous pleurisy has become
purulent, it is usually due to the invasion of some pyogenic microbe in

addition to the tubercle bacillus.

Inflammation of the pleura accompanied by suppurative or sero-purulent
effusion may be due to one or more of many different kinds of bacteria, but
apart from punctured wounds of the chest and traumatic conditions gener-

ally, there are two organisms of special importance and frequency in

empyema, the streptococcus pyogenes and Fraenkel's pneumococcus. In
the experience of the writer the pneumococcus is more common than the

streptococcus both in the child and in the adult, even when the pleuritic

conditions which are associated with acute lobar pneumonia are excluded.

It is noteworthy that many cases of pneumococcal empyema arise without
any evidence that they have followed or have accompanied an acute

pneumonia. In such cases one often finds that the organisms have under-

gone degeneration to such an extent that ordinary methods of staining

practically do not reveal their typical structure. Cultures prepared from
such fluids very often do not grow, and even inoculation of the rabbit may
fail to induce the characteristic septicaemia. In fact, the writer has found
that inoculation of the rabbit usually does fail, even when a considerable

quantity of pleural pus is injected, whereas inoculation even of a small

quantity of an emulsion prepared from pneumonic lung tissue usually

succeeds. Yet, where other means have proved futile, the organisms may
with certainty be identified by microscopic examination of films specially

stained to show the capsules of the degenerating cocci.

The method which has given the writer most satisfaction is that

recently devised by Eichard Muir and hitherto unpublished. The essential

part of the process consists in the use of a special mordant prepared by
mixing two parts of a 20 per cent watery solution of tannic acid, two
parts of a saturated watery solution of mercuric chloride, and five parts of

a saturated watery solution of potash alum. A thin film of the suspected

material is spread out on a clean cover -glass, and gently dried over a

flame. A few drops of the mordant are filtered on to the film, allowed to

remain for about two minutes, and thoroughly washed in water, then in

methylated spirit, and in water again. The film is now stained in Ziehl-

Neelsen's carbol-fuchsin for two or three minutes, while very gentle heat

is applied till the steam begins to rise. After washing in water, the

mordant is again applied for about two minutes, and washed off as before.

Finally the film is stained for about two minutes in a saturated watery

solution of methylene blue, washed in water, differentiated in methylated

spirit, dehydrated in absolute alcohol, cleared in xylol, and mounted in

balsam.

By this means the bodies of the pneumococci take on a bright red

colour, while their capsules are stained blue. When degenerated forms are

present, it is found that the capsules persist and are recognisable long after

the cocci within have lost all semblance of their normal form, and even
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after the cocci have disappeared. It is not uncommon to find that

several cocci retain their characteristic structure, but that the great

majority are in all stages of degeneration, some being represented by minute
streaks or dots within the capsule, others by the presence of the capsule

alone.

Of the other organisms which may cause empyema the streptococcus

has already been mentioned as by far the most common. It usually occurs

in a pure condition, and may be recognised and isolated with comparative

ease, even when there has occurred a secondary infection by other organisms.

Bacteria less commonly present are the staphylococci, the micrococcus

tetragenus, and the bacillus cob: communis, the last named occurring

especially in suppurative pleurisy associated with or following a septic

condition of the peritoneum or abdominal organs. Among those still more
rarely found in pleural effusion should be mentioned the typhoid bacillus

after enteric fever, and the influenza bacillus (Pfeiffer).

Pericardial Effusions.—Much less is known of the bacteriology of peri-

cardial effusions. For obvious reasons the fluid is seldom examined during

life unless excessive in amount—an event of infrequent occurrence—or

unless suppuration is suspected. Most cases of simple acute pericarditis

are, therefore, not investigated. The frequent association of pericarditis

with rheumatism and chronic nephritis would appear to indicate that most
simple inflammatory exudations in the sac are not etiologically related to

any known organism. The tubercle bacillus must, however, be noted as

the causal agent in some cases.

Suppurative conditions of the pericardium are much more commonly
the result of secondary infection from other foci of suppuration in the body,

and it is here necessary only to state that any of the pyogenic organisms,

including the pneumococcus, may be found in the pericardial pus. As
in the pleura, however, a pneumococcal pericarditis may occur as a primary
infection.

Peritoneal Effusions.—Peritoneal inflammatory effusions can almost

without exception be correlated with some known microbe. In the common
form of acute peritonitis secondary to some lesion of the alimentary tract,

whereby infection of the peritoneum occurs from the contents of the bowel,

whether actual perforation exists or merely local damage to the wall, the

factor of greatest significance is the organism or closely related group of

organisms, denoted by the term bacillus coli communis. Sometimes these

are the only organisms present, but more often there is a multiple infection

by the numerous intestinal bacteria, among which the bacillus coli may
or may not predominate. In some cases after perforation the infection

may be so mixed, and the organisms all so vigorous in their growth, that

it is hard to say which is the causal agent even after experimental inocula-

tion. It has been suggested that an indication may be obtained by
examining the blood also, as presumably it would be infected, if at all, by
the organism or organisms of highest pathogenicity.

In many cases of septic peritonitis, more or less localised to the pelvis,

and occurring especially in women, the gonococcus may be found. It is

noteworthy that microscopic examination alone can never afford a satisfac-

tory proof of the presence of gonococci, as their reactions, morphology, and
relations to leucocytes may be simulated by other diplococci found in

urethral and vesical diseases and in some associated pelvic conditions. It

is essential to complete diagnosis that a culture should be prepared on

Wertheim's media, or, if none is available, on blood agar. When, however,

the staining reactions and microscopic characters coincide with those of
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gonococci, the very fact that attempted cultures were unsuccessful may be
regarded as further presumption in favour of their identity.

In other peritoneal exudations there may occur streptococci, staphylo-
cocci, and even pneumococci, especially when there has been an extension
from an intrathoracic focus. Bacilli closely allied to Friedlander's pneumo-
bacillus have also been found, and the typhoid bacillus may, though rarely,

infect the peritoneum during or after enteric fever. Mention should also

be made of actinomycosis and higher fungoid growths as occasionally pro-
ductive of abdominal inflammations and suppurations.

In chronic peritoneal conditions the tubercle bacillus plays an important
part, but here the diagnosis is made from the clinical phenomena or from
the morbid anatomy with greater certainty than could be afforded by a
search for the bacilli themselves.

Cerebrospinal Effusions.—An acute or subacute inflammatory effusion

from the meninges of the brain or spinal cord is almost invariably due to

the invasion of micro-organisms. An examination in life is rarely attempted
directly from the intracranial exudate, but valuable information may be
obtained by means of lumbar puncture, as in many forms of meningitis
the spinal membranes are also affected. It has been suggested that, in

cases where permission to examine the head has been refused after death,

lumbar puncture may be allowed and the diagnosis thus confirmed.

First in importance and frequency is the tubercle bacillus, but, in the
common form of tuberculous cerebro-spinal meningitis in children, the diffi-

culty of finding the bacilli is often very great, even when after death all

the cerebro-spinal fluid is collected. In lumbar puncture during life a con-

siderable quantity of fluid is often obtained, but the diagnostic value of this

operation is not very great. For in the first place the bacilli are scanty

and hard to find, and in the second place, if the microscopic examination
of stained films does not reveal the bacilli, the diagnosis is usually com-
pleted by the post-mortem report before cultures can grow, or inoculation

of animals yield any result.

Next in frequency and importance is the pneumococcus (Fraenkel),

which produces, as a rule, a suppurative exudation most commonly over

the vertex of the brain, and may or may not be associated with an acute

pneumonia. It is important to observe that the pneumococcus must be
very carefully identified, not only by its morphological characters and stain-

ing reaction (including retention of stain by Gram's method), but also by
cultural and experimental data. For other diplococci may occur in the

cerebro-spinal exudate, notably the diplococcus intracellularis meningitidis

of Weichselbaum, found especially in cases of epidemic cerebro-spinal men-
ingitis, and a diplococcus described by Still in the condition which he

designates " simple posterior basic meningitis of infants." In all probability

the latter is only an attenuated variety of the former, and the biological

points of difference between them are such as would be indicated by
corresponding differences in virulence. Morphologically they are indis-

tinguishable, and each in its microscopic characters, in its staining reactions

(including loss of stain by Gram's method), and in its relation to leucocytes,

closely resembles the gonococcus.

Other organisms which may be found alone or in combination include

the pyogenic bacteria, especially the streptococcus, and also Friedlander's

bacillus, the influenza bacillus (Pfeiffer), and other microbes of infrequent

occurrence.

The possibility of infection from the naso-pharynx by the ethmoidal air

cells and cribriform plate on the one hand, or by the Eustachian tube and
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middle ear on the other, must always be kept in view, and more particularly

when the exudation is distributed over the vertex of the cerebral hemispheres.

Of great importance also is the fact that bacteria may reach the cerebral

by way of the spinal meninges, and that the latter are especially liable to

infection, either from the pleurse and mediastinal glands, or from the peri-

toneum and abdominal glands, along the lymphatics that accompany the

spinal nerve-roots. The frequency of infection by this channel has for long

been pointed out by Greenfield in the ordinary form of tuberculous cerebro-

spinal meningitis, and, in all probability, other forms of basal-meningitis

arise in a similar way.
The bacteriological examination of joint effusions will be referred to

under " Joints."
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The Graafian Follicle.—Graafian follicles are the essential elements of

the ovary, since they contain the ova. Enormous numbers of these follicles

exist in the ovaries of new-born female children, a fact known to the

anatomist Sappey, who estimated that two women would suffice to populate

a city as large as Paris if all their ova were fruitful. At puberty they are

much less numerous, as age advances their number diminishes, and from the

ovaries of aged persons they are entirely absent. Three different kinds of

follicles, which, however, merely represent stages of development, are

described : viz. primary follicles, growing follicles, and ripened follicles.

The ovaries, at birth, contain as a rule only 'primary follicles. These are

invisible to the naked eye, and consist of a single large round cell, the

ovum, closely invested with a delicate layer of flattened cells, the follicular

epithelium ; the ovum consists of a mass of protoplasm, with a single or

rarely a double nucleus, and no cell envelope. Growing follicles are

numerous at puberty. Eemarkable changes occur at this period in the

follicular cells, while the ovum itself undergoes little alteration. The
follicular cells proliferate freely by fission, become cubical in shape, and
arranged in several layers around the ovum, thus forming the stratum

granulosum. Outside this a well-defined connective tissue capsule is

formed from the ovarian stroma, which consists of two layers—the outer or
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tunica externa, and the inner or theca. The theca is richly supplied with
blood-vessels, and consists of looser connective tissue than the tunica
externa. Large numbers of the cells of the inner layers of the stratum
granulosum now undergo liquefaction and break down, thus producing a
quantity of fluid. Transudation of fluid probably also occurs from the
vessels of the theca, and from these two sources the liquor folliculi is formed.
The cells which immediately surround the ovum do not liquefy, but remain,
forming the cumulus or discus proligerus, which is situated opposite the
point where the follicle afterwards ruptures. At the same time a clear,

delicately-striated membrane is formed around the ovum as a cell-envelope

;

this is the zona pellucida or z. striata, and it is now generally regarded as

arising from the follicular cells. Between the zona pellucida and the cell

body a microscopic interval, however, remains, called the peri-vitelline space.

Before the formation of its cell-envelope the ovum increases considerably in

size, and the greater part of its protoplasm becomes coarsely granular, while
the nucleus becomes excentric in position ; afterwards no further increase in

size occurs. It will thus be seen that a fully-formed Graafian follicle

consists of the following parts, passing from without inwards :—(1) Tunica
externa

; (2) Theca
; (3) Membrana granulosa

; (4) Liquor folliculi
; (5)

Cumulus proligerus
; (6) Ovum.

Ripe Follicles.—In the process of ripening the follicle undergoes further

increase in size, bulges upon the surface of the ovary, and finally ruptures

at some point upon its exposed surface. Ripe follicles are sometimes met
with before puberty, but are most numerous during the menstrual period of

life ; there is no evidence, however, to show that any definite relation subsists

between the process of menstruation and the ripening of the Graafian

follicles. The mechanism of rupture appears to be as follows :—Progressive

increase in size of the follicle is due to the activity of the membrana
granulosa and to continuous accretion of fluid. The follicle protrudes upon
the surface of the ovary, since that is the direction of least resistance. The
actual bursting of the follicle depends upon degenerative changes in the

follicular epithelium, which weaken the wall so as to render it unable to

resist the pressure of its contained fluid. The cells of the cumulus are

included in the degenerative change, so that when the follicle bursts the

ovum is detached and so escapes. The exact nature of the degenerative

process is undetermined, but fatty metamorphosis plays a considerable part

in it.

According to the recent observations of Nagel (Fig. 1), the human ovum
when discharged from the Graafian follicle is furnished with a well-defined

covering of follicular cells arranged in two layers, the outer layer consisting

of several rows of small, round, or polygonal, closely aggregated cells, the

zona granulosa, within which is a double row of columnar cells called the

corona. This cellular covering protects the ovum during its migration from

the ovary to the uterus, and is gradually dispersed in its transit through the

oviduct. Stripped of its protective layers the ovum is a simple cell consist-

ing of a cell-envelope, the zona pellucida, a cell body, the yelk or vitellus, a

nucleus, the germinal vesicle, and a nucleolus, the germinal spot. It measures

2 mm. (about \ of a line) in diameter. The zona pellucida is a delicate,

finely-striated membrane believed to be derived, like the temporary coverings

of the ovum, from the follicular cells. Between it and the vitellus is a

microscopic space called the perivitelline space. The essential portion of

the ovum is the central mass of protoplasm with its nucleus, representing

the vitellus and germinal vesicle. By the earlier anatomists Graafian

follicles were mistaken for ova, and it was not until 1827 that the true ovum
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cell was discovered by von Baer. At this stage the ovum is unripe and

incapable of fertilisation ; certain preparatory changes now occur in it, which,

in some unknown manner, render it fit for the reception of a spermatozoon.

3 Ripening of the Ovum.—This
f\ r; r'-C?) process probably occurs during the

") passage of the ovum through the

^:/v; :

;
' \;\ •/ :

;
Fallopian tubes. After being dis-

JiZ Cy - / .;'«< , : v charged from the Graafian follicle

£> rM^-
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v
: -.•: >
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¥k '-
,'.' '--';"X? the ovum is carried into the tube

'X ^ ,
by the peritoneal currents set up

^C v-* " - by the acti°n °f the cilia exposed

- SS -'* wSf-;'; -, -
J upon the fimbriae which surround

Sif>'f~ -"'--S"• r the abdominal ostium; its transit

f through the tube is also effected

by the action of the cilia, lashing

from within outwards or towards

the uterus. The length of time

occupied in this journey in the

human species is unknown, but it

has been observed to take eight

days in bitches, and in some other

Pig. l.—Zg, zona granulosa ; Zp, zona pellucida ; C, mammals three to five days

(Xyfelr?
vitellusoryelk;Jr,germinalvesicle

' (Francke). Hyrtl discovered a

ripened ovum in the uterine end

of the tube of a girl three days after the cessation of menstruation, but as

we do not know that menstruation and ovulation are coincident processes

no conclusion can be drawn from such observations.

The ripening process consists in certain changes in the ovum which

result in the formation and extrusion of the polar bodies and the appearance

of the female pronucleus. The process has been minutely studied in the

transparent ova of sea-urchins and star-fishes, and among vertebrates in

those of the amphioxus. First the germinal vesicle approaches the periphery

of the cell and becomes indistinct in outline ; mitotic changes then occur

in it, while a number of radial strise appear in the surrounding protoplasm.

A minute portion of the germinal vesicle is then detached and extruded

into the perivitelline space, along with a ring of protoplasm from the

surrounding yelk. A second precisely similar body is also extruded either

at the same or at a neighbouring spot. These are the polar bodies. In

vertebrate animals the second polar body is not separated until after

fertilisation. The nucleus now recedes towards the centre, and is hence-

forth known as the female pronucleus. The ovum is now prepared for the

coming of the spermatozoa.

Fertilisation of the Ovum.—By " fertilisation " is understood the union

of the ovum with the spermatozoon. It is now agreed that this event takes

place in the wide outer extremity or infundibulum of the Fallopian tube.

To this locality the spermatozoa make their way by their own locomotive

powers, which are known to be considerable. Experimentally human
spermatozoa have been observed by Hyrtl to travel at the rate of 2 to 7 mm.
per minute. In guinea-pigs they have been discovered in the cervix uteri

fifteen minutes after copulation. No less important is the fact that their

vitality is also great, for they have been found in a living state in the cervix

uteri and in the Fallopian tube of woman nine days after copulation

(Diihrssen). It is probable from these considerations that spermatozoa may
lie in wait for the ovum for several days, and that on the appearance of the
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latter in the Fallopian tube fertilisation immediately occurs. This view-

receives incidental support from the clinical fact that intercourse is more
likely to prove fruitful during the few days preceding the expected onset

of menstruation.

In most animals only one spermatozoon is concerned in the fertilisation

of a single ovum. In abnormal conditions of the ovum, however, two or

more may enter it (super-fertilisation). This result can be experimentally

produced by slightly damaging the ovum by alternations of temperature, or

the action of various drugs (Hertwig). In the mouse, as soon as a single

spermatozoon has entered it the ovum throws off a double membrane from
the periphery of the yelk which prevents the entrance of others (Kollmann).
The entrance of the spermatozoon excites great disturbance in the yelk,

which contracts and becomes irregular in outline. This disturbance

soon passes off, and it is then seen that the tail of the spermatozoon has
disappeared, dissolved apparently by the yelk. The remaining portion, or

head, is now called the male pronucleus, gradually it approaches the

female pronucleus, and fusion then occurs between the two, resulting in the

formation of a single body, henceforth called the segmentation nucleus. The
ovum is now fertilised and prepared to enter upon its new career.

Migration of the Fertilised Ovum.—By the action of the cilia of the

tubal epithelium, lashing from within outwards, the ovum is carried into

the uterine cavity. After much discussion, it has now been established by
Hofmeier and Mandel that the cilia of the uterus move in the same direc-

tion as those of the tubes, viz. from within outwards. The older view, that

those of the uterine epithelium worked in an opposite direction, thus

promoting the advance of the spermatozoa, was therefore an error. The time

occupied in reaching the uterus is unknown, nor do we know to what stage

the segmentation process next to be described has advanced when the fertilised

ovum becomes engrafted upon the uterine decidua. No observations have

ever been made in the human species upon the process of fertilisation and
segmentation, or the formation

of the germinal layers; the

following description is based
"~~"~\

upon observations made on lower

animals. , ~^t"w^~~
Segmentation of the Ovum.— i~''.:i '-.---^

After the fusion of the male and 1 ,V
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karyokinetic changes, and then L iig

divides into two halves, which re- FlG - 2- (Piayfair.)

treat towards opposite poles of the

ovum, while radial lines appear in the protoplasm around them (Fig. 2, i.)

An equatorial line of division is next formed in a plane between the two
nuclei, which divides the whole ovum into two cells. The same changes

now occur in each of the new cells (Fig. 2, ii.), and thus by a process of

binary division the ovum multiplies into 2, 4, 8, 16, 32, etc. cells. In the

mammalia the whole ovum is involved in the segmentation process, and is

therefore called holollastic, in contradistinction to that of fishes, reptiles,

and birds, in which only a portion is involved, the ovum being called mero-

Uastic. In this manner, then, the mammalian ovum is converted into a

solid cluster or globe of cells often called the morula or muriform body
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(Fig. 3, a). In the rabbit (van Beneden) the cells of the muriform body
are of two kinds, clear peripheral cells and granular central cells (Fig. 3, b).

A crescentic cleft soon forms between the peripheral and central cells, which
becomes filled with fluid, and by rapid increase in this fluid the morula
increases enormously in size and becomes converted into a globular sac,

called the blastodermic vesicle. The original peripheral cells of the morula
have been flattened by pressure from within, and form a single layer within

the zona pellucida ; the central granular cells are found in contact with the

outer cells at one pole of the vesicle, but they do not form a continuous layer

(Fig. 3, c).

Fig. 3.

—

cct., Ectoderm ; »nt., entoderm ; zp., zona pellucida. (Playfair.)

The next stage is the formation of the blastoderm. The deep granular

cells proliferate and spread out within the outer layer, forming a patch at

first circular and afterwards oval in shape ; the two layers together form the

bilaminar blastoderm, and the oval area of the surface of the blastodermic

vesicle where they are found is called the embryonic area (Fig. 3, d). Next
a delicate longitudinal ridge, formed by proliferation of the cells of the

outer layer {ectoderm), may be traced along the embryonic area ; this is the

primitive streak, and upon it appears a shallow, longitudinal groove, the

primitive groove. Along the line of the primitive streak the cells of the inner

layer (entoderm) also proliferate and come into contact with the ectoderm, a

narrow cleft separating the two layers elsewhere. From this line of contact

a third layer of cells is developed, which spreads out in the interval between

the outer and inner layers ; it is derived mainly from the ectoderm, but

also in part from the entoderm. The blastoderm is now trilaminar, the

layers being termed epiblast, mesoblast, and hypoblast from without

inwards ; from these layers all the tissues of the body are ultimately

developed.
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Soon after the appearance of the mesoblast a shallow, longitudinal
groove, the medullary groove is formed on the embryonic area in front of the
primitive streak. It is produced by the formation of two paraUel folds of
epiblast called the medullary folds. These grow over to meet one another
and coalesce in the middle line, forming an included canal with an epiblast
lining, the neural canal, from which the central nervous system is
developed (Fig. 4). During these changes the primitive streak disappears.
While the neural canal is developing there is formed beneath it a solid rod of
hypoblast ceUs, the. notochord (Fig. 4). At the sides of the neural canal a
great development of mesoblast cells takes place, forming large lateral masses

Fig. 4.

—

am., Amnion ; mg., medullary groove ; ch., notochord ; cce-., ccelom ; ep., epiblast ; me., mesoblast

;

hy., hypoblast; nc, neural canal. (Playfair.)

which become marked out by transverse grooves into a row of solid blocks
called the mesoblastic somites. From these cell-masses most of the skeletal

and muscular tissues of the body are developed. At the same time that the
mesoblastic somites are formed the outlying parts of the mesoblast split

into two layers : the outer becomes applied to the epiblast, and the two
together form the somato-pleure ; the inner becomes similarly applied to the
hypoblast, the two together forming the splanchno-pleure. The space

between the somato-pleure and splanchno-pleure is the ccelom or primitive

body-cavity (Fig. 4).

It will be understood that the above-mentioned changes have taken
place upon a certain small area of the blastodermic vesicle, and of course

within the zona radiata. The next step is the delimitation of the outlines

of the embryo by the formation of the anterior, posterior, and two lateral

limiting sulci. At the same time the embryonic area begins to recede

towards the centre of the blastodermic vesicle—sinking that is into its interior,

and leaving a space between it and the enclosing zona radiata. A period

has now been reached at which certain structures designed to provide for

vol. in 33
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the protection and nutrition of the embryo make their appearance. These
are the foetal envelopes or membranes called the chorion and the amnion.
The function of the amnion is protective ; the chorion serves to bring the

embryo into union with the maternal structure, its function being therefore

mainly nutritive.

The foetal membranes are developed from folds of the somato-pleure

which grow up from the head and tail ends and lateral boundaries of the

embryo, and pass over its dorsal surface in the space between it and the

zona radiata. Gradually they coalesce, forming a closed hood, which consists

of a central core of mesoblast with an internal and external covering of

epiblast (Fig. 4). The mesoblast layer now splits into two, and fluid collects

between the two halves ; there is thus formed a double hood, the outer layer

consisting of an outer covering of epiblast with mesoblast within, and the inner

layer consisting of an inner covering of epiblast with mesoblast outside it.

The outer layer becomes the chorion, the inner layer the amnion. The
chorion now becomes closely applied to the zona radiata, and fuses with the

extra-embryonic portion of the epiblast, i.e. that portion of the wall of the

blastodermic vesicle which was not concerned in the formation of the

embryonic area. The amnion closely invests the dorsal surface of the

embryo, and a small quantity of fluid collects within it, but during the

early weeks of development the amniotic sac is very small ; the fluid it

contains is the liquor amnii.

The body-folds (somato- and splanchno-pleure) now grow over towards

the ventral surface, thus pinching off the embryo from the remainder of the

blastodermic vesicle. The effect of this change is to carry the line of origin

of the amniotic folds, at first dorsal in position, farther and farther over

to the ventral surface of the embryo ; and as the coelom becomes closed by
union of the body-folds in the middle line, the amnion comes to be con-

tinuous with the body of the embryo at one point only, which is the last to

close, viz. the umbilicus.

It will be seen that the effect of the development of the amnion and
chorion is to isolate the embryo in the interior of the blastodermic vesicle.

Direct communication with the periphery is, however, maintained by the

development of the structure known as the umbilical cord. Important

observations have been made upon the development of this structure in the

human species by His. Among the lower mammals the allantois plays an

important part in the development of the cord, and to His belongs the

credit of first pointing out the differences to be found in man. In mammals
generally the allantois grows out from the hinder end of the primitive gut,

forming a bladder-like structure of considerable size outside the body, known
as the allantoic vesicle. Over this structure vessels pass to the chorion. In

man, however, the allantois is much less important, forming a narrow canal

which never grows out far enough to reach the chorion, and does not form

an expanded vesicle outside the body. It lies in a band of somato-pleure

tissue which passes from the ventral aspect of the caudal extremity of the

embryo to the wall of the vesicle where it is continuous with the chorion.

This structure His named the ventral stalk. It carries vessels from the

posterior end of the primitive aorta to the chorion, and these vessels may
be detected at a period before the allantois has been formed. At first

springing from the caudal extremity, its point of origin gradually approaches

the centre of the body, the change in relation being due to the development

of the pelvis and lower limbs behind it. The umbilical vesicle, which in

man is small and unimportant, with its omphalo-mesenteric duct, also fuses

with the ventral stalk, and thus becomes one of the constituent structures
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of the cord. Finally, as the line of origin of the amnion is carried
over to the ventral aspect of the embryo, the cord receives a covering
from this membrane also. By some observers, however, the epithelial

covering of the cord is regarded as modified foetal skin (Minot). The
portion of the allantois within the abdominal cavity forms the bladder and
urachus. .

Up to this period we have been obliged to rely entirely upon facts

observed in the development of lower animals. There is good reason to

believe, however, that the stage at which we have now arrived is reached in
the human embryo at the end of the first week of development. This
statement is based upon recent observations by Leopold, which will be
referred to more fully later on. The embryo now lies enclosed entirely

within its bag of membranes, and is connected with the outer one (chorion)

by a vascular stalk. The zona pellucida has disappeared, leaving the chorion
exposed upon the wall of the ovum, and the latter has thrown out numerous
branching processes containing vascular twigs from the allantoic vessels

;

these processes are the chorionic villi, and at the end of the first week they
are found upon almost the whole surface of the chorion. The next
important step is the formation of attachments to the maternal structures,

by which the developing ovum is retained in position and preserved
from disruption. These attachments are provided by the development of

the decidua and the union of the chorionic villi with this membrane.
The Decidua.—The time-honoured view that menstruation in some way

prepares the uterus for the reception of a fertilised ovum has much in its

favour ; but that its influence is not essential is proved by the fact that

pregnancy not infrequently occurs quite independently of it. The structure

of the endometrium in the quiescent stage and during the menstrual process

has been described elsewhere. The decidua differs from the endometrium in

the following points :—1st, The connective tissue corpuscles become con-

verted into large cells of epitheloid type with one or two globular nuclei

;

these are called the " decidual cells" and are rarely if ever found in the

endometrium except in connection with pregnancy. 2nd, The glands

proliferate and become dilated, especially in their deeper parts. 3rd, In
consequence, the decidua becomes roughly divided into two layers, a

superficial compact layer and a deep ampullary layer. 4th, The vascularity

of the membrane is greatly increased, and numerous small interstitial

haemorrhages are formed.

It is usual to distinguish three divisions of the decidua ; the decidua

serotina is the portion which corresponds to the site of attachment of the

ovum and partakes in the formation of the placenta ; the decidua refiexa is

the portion which at a very early period grows over the ovum so as to

enclose it ; the decidua vera is the remaining portion, covering the greater

part of the uterine surface, which at first has no direct relation to the ovum
at all. All parts of the decidua are essentially alike in structure as well as

in origin. No decidua is formed in the cervix.

Leopold has described with great care a seven days' human ovum which

he discovered by accident in a uterus removed for cancer of the cervix (Fig. 5).

He found the uterine mucosa much thickened in the body, but unaltered in the

cervix. The ovum was completely enclosed in a fold of the membrane, so

that we know that even at this early period the refiexa is fully formed.

Folds of the decidua grow up around the ovum and meet over its free pole

so as to completely invest it. From Leopold's illustration (Fig. 6) it is

apparent that the decidua and the chorion are separated by a considerable

space, except at the two poles of the ovum ; at the pole of attachment a
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serotinal process is in direct contact with the chorion, and at the free pole,

where there are no villi, chorion and refiexa are united over a considerable

area. The space thus resulting {chorio-decidual space) is occupied by the

chorionic villi which are seen in longitudinal, transverse, or oblique section

in the drawing. Most of the villi are free ; some are attached to the

decidua by their tips (Fig. 6, h) ; others have penetrated it deeply, and are

seen in cross-section embedded in decidual tissue (Fig. 6, /). Around the

villi are masses of red and white blood corpuscles, and one or two delicate

capillaries are seen opening through the serotina into the chorio-decidual

space (Fig. 6, e). At a somewhat later period (end of second week), as

Leopold has shown in a second case, the whole chorionic surface is beset

with villi, and the chorio-decidual space is continuous around the entire

ovum.

Fio. 5.

—

oi, Os internum. (Playfair.)

These points are of great interest and importance. They indicate that

at this early period chorionic villi are attached to the highly vascular

decidual membrane which entirely surrounds the ovum, while maternal

blood is poured into the chorio-decidual space, thus bringing the fetal tissues

into direct contact with the maternal blood. A simple form of placentation

is thus established, which by the end of the second week involves the whole

superficies of the ovum, thus corresponding to the diffused placenta of the

sow, the mare, the cetacea, etc. In Leopold's first case traces of vasculariza-

tion were found in some, but not all of the villi, and it is therefore probable

that the fetal circulation is at this stage incomplete, and transference of

nutriment by osmosis from the maternal to the fetal blood current cannot

occur ; but doubtless the villi are able to absorb directly from the effused

maternal blood without the aid of an active circulation. By this means
time is gained for the development of the highly specialised discoidal

placenta, which is well outlined by about the sixth week.

Development of the Placenta.—We do not know the precise period
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at which villi make their appearance on the human chorion, or the precise
period at which these structures first come into relation with the maternal
tissues. There is reason to believe that they first appear on the pole of
attachment of the ovum, and here the union of foetal and maternal structures
may follow very quickly upon implantation. When formed they are probably
at once vascularised through the allantoic vessels. By the end of the second
week they are well-formed branching structures, which cover the entire
chorion. The part of the chorion which forms the placenta corresponds to the
pole of attachment of the ovum, and is often called the chorion frondosum;
the extra-placental portion is called the chorion Iceve. The latter is so-

called because it was once thought to be non-villous ; later on, it is true, it

n.v.1

Fig. 6.

—

Dv., Decidua vera; M, muscularis ; Comp., compact layer; Amp., ampullary layer; Da, decidua
reflexa ; a, amnion ; 6, chorionic sac ; c, chorionic villi ; d, decidua serotina ; e, mouth of maternal vessel

;

A, attached villi
; /, embedded villi. (Playfair.)

becomes converted into a smooth membrane by the disappearance of its

villi, but at first the villi are fairly equally distributed over the whole

chorion. The formation of placenta simply consists in the specialisation of

a part of the chorion to do the work which in the earlier stages is done by
the whole. On the chorion frondosum the villi increase greatly in size, in

number, and in the complexity of their branchings, while the extra-placental

villi gradually disappear ; at the same time important changes occur in the

underlying serotina. The placenta, therefore, consists of foetal and maternal

elements which must be considered separately.

The Foetal Elements of the Placenta.—By the end of the second month
the chorion frondosum consists of a membrane underlying the amnion with

a dense forest of tree-like structures growing from its outer surface. These

are the chorionic villi (Fig. 7). It is probable that from their first appear-

ance the villi are branched ; in the placenta they are much divided, their

ramifications being quite irregular in size, shape, and direction. Consequent
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upon the latter point considerable interlacement of neighbouring villi may
be found. The final divisions (terminal villi) are more or less club-shaped

structures with a slightly constricted base of attachment. The villi occupy

the chorio-decidual space, but there are wide intervals between them, forming

the system of inter-villous

lc/w
sPaces through which the

maternal blood flows.

Many of the villi are

attached to the serotina by
their tips, some penetrate

it for a considerable distance,

but the bulk of them are

free. All portions of the

placental chorion consist of

the following structures :

(1) an epithelial covering;

(2) a connective tissue

stroma; (3) a system of

blood-vessels.

(1) The chorionic epithe-

lium clothes the outer

(uterine) surface of the

chorionic membrane and
villi. It consists of two
distinct layers: an outer

layer of multinucleated pro-

toplasm, or plasmodium, in

which no cell outlines can be

distinguished, and which is

not therefore truly a cellular

layer, and an inner layer

of large, well-defined cells,

with large oval nuclei. The
former is called the jplas-

modial layer; it has received

many other designations, of

which trophoblast (Clarence

Webster), and syncytium

(German authors) are the

most important. The latter

is called the cellular layer,

or the layer of Langhans.

It is probable that both

these layers arise in the

festal epiblast, although

many observers regard the

plasmodial layer as maternal in origin, while others regard the cellular

layer as derived from mesoblast. This histogenetic problem, cannot, how-

ever, be discussed in this article.

During the early months of gestation the plasmodial layer shows great

activity. From it spring numerous buds, elongated or club-shaped, conical

or rounded, and having the same structure as the layer from which they

arise. The plasmodial buds represent the first stage in the process of multi-

plication of the villi. Their protoplasm soon becomes freely vacuolated, and

Via. 7.—Section through a normal seven months' placenta, in situ.

(After Minot.) Am., amnion ; Cho., chorion ; Vi., primary villus,

vessels injected ; vi., smaller villi ; Ve., maternal vein opening

into inter-villous spaces ; D, decidua serotina ; Mc, muscular wall

of uterus. (Playfair.)
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the stroma then grows into them, carrying with it vascular twigs from the
allantoic vessels, thus completing the structure of the new villi.

(2) The stroma is a delicate reticulum of connective tissue supporting
the blood-vessels. In the larger chorionic divisions it is more compact,
resembling loose fibrous tissue, and is especially well marked around the
larger arteries. The interstices probably represent lymphatic spaces.

(3) The blood-vessels are the terminal ramifications of the allantoic or

umbilical arteries and veins ; they pass into every division of the chorion,

and in an injected specimen a delicate thread may be often traced passing
into a plasmodial bud which has just become vascularised. In the larger

divisions the vessels lie in the axis ; arteries and veins run side by side, the

latter being distinguished by their thinner walls and larger calibre. In the

terminal villi capillaries alone are found ; they are placed for the most part

immediately beneath the epithelium, where they run a tortuous course

and anastomose freely. They form wide channels in which five or six red
corpuscles can lie abreast, and they occupy such a large extent of the
stroma that the villus appears to be as full of blood as a soaked sponge.

The capillary walls are formed of a single layer of delicate endothelium, and
nothing intervenes between them and the maternal blood except the

chorionic epithelium.

The Maternal Elements of the Placenta.—The part played by the serotina

in the development of the placenta is an important one. In the first place,

it is the medium through which the maternal circulation, through the inter-

villous spaces, becomes established ; and in the second place, it serves to

attach the foetal elements firmly to the uterine wall.

The chorionic villi are the principal agents in the production of the

changes which result in the establishment of the intervillous circulation.

It will be remembered that in the seven days' ovum described by Leopold

some of the villi had penetrated the decidua. During the second month
this process goes on extensively in the serotina ; the villi do not enter the

glands, as was once supposed, but penetrate the tissues by literally eating

their way through. Around the invading buds the decidual cells necrose

and become absorbed, the foetal epiblast appearing to exert some potent

influence upon them. The plasmodial buds act as pioneers, and numbers
of them may be seen embedded in the decidua in advance of the villi. In
its new position each bud is vascularised in the manner already indicated,

and the new villus in its turn throws off new buds. These changes occur

most markedly in the compact superficial layer of the serotina, but occasion-

ally buds may be found to have bored their way right through the decidua

into the uterine musculature.

While the invasion of the serotina by the villi is proceeding, large

haemorrhages are formed in the membrane. Many capillaries, or even larger

vessels, are penetrated by the plasmodial buds, and from these extravasation

occurs, leading to the collection of large blood-lacunse in which buds and
villi may be found lying. These lacuna? finally rupture into the chorio-

decidual space, and thus throw fresh maternal vessels into communication

with it. The larger lacunas have often been shown to have an artery, and
one or two veins communicating with them. The precise period at which

the maternal circulation through the chorio-decidual space is established is

unknown, nor are the precise steps in the further process of development

finally determined. It is doubtful if there is any true maternal circulation

in the temporary diffused placenta ; there is a good deal of clotting in the

chorio-decidual space in very young ova, and the villi probably absorb

nutriment from the effused blood. In the fully-formed placenta it is, how-
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ever, easy to show that large maternal arteries and veins open directly upon
the serotinal surface. To Waldeyer belongs the credit of first demonstrating
this fact by injecting the uterine arteries and veins in the cadaver of a
pregnant woman. The arteries preserve their characteristic coiling course
through the serotina (Fig. 7, a), and then open somewhat abruptly into the
spaces ; the veins run an oblique course and open by long oblique mouths.
Arterial may be distinguished from venous openings by (1) the thickness of

the walls; (2) the direction of the opening; (3) the fact that villi are

washed away from the mouths of the arteries by the blood current, while
they may be drawn by the same force into the mouths of the veins.

While these changes are progressing the ovum is held to the uterine wall

Fig. 8.

—

Am., amnion ; Ch., chorion; V, villi ; S, deoidua serotina ; V\, attached villi

:

V2 , vein ; A, artery ; D.Sc, subchorionic decidua. (Playfair.)

chiefly by the reflexa ; later on the placenta becomes firmly united to the
uterus and constitutes its main attachment. The delicate character of the
early attachment of the ovum is an important factor in determining the
frequency with which abortion occurs at this period ; when the placenta is

fully formed it is much less easily disturbed. The foetal and maternal
elements of the placenta are united by the following means (Fig. 8) : (1)
Many of the villi remain embedded in the serotina

; (2) Processes grow up
from the serotina among the villi, sometimes reaching as far as the chorionic

membrane, and many villi are united to them by their tips
; (3) From the

serotinal margin a process of decidual tissue grows towards the centre of

the placenta in contact with the outer surface of the chorionic membrane

;

this layer is called the subchorionic decidua, and may be traced in the ripe

placenta for one or two inches (Fig. 8, D.Sc.) Being continuous around
the whole circumference of the placenta it serves to strengthen the
attachments where they are weakest, and also to limit circumferentially
the general system of intervillous spaces through which the maternal blood
flows.

The circulation through the intervillous spaces is probably not rapid.

The coiling course of the uterine arteries diminishes the force of the blood
stream, and therefore the vis a tergo in the spaces ; the outflow is largely

promoted by the intermittent uterine contractions, which have the effect of

aspirating their contents into the veins. A slow current is an advantage
in allowing time for osmotic interchanges.
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The placenta' grows very rapidly during the first few weeks after its

formation ; it encroaches more and more over the uterus until by the end
of the third month it occupies one-fourth of the total uterine surface. At
the same time the ovum becomes large enough to entirely fill the uterine

cavity ; the decidua refiexa comes into apposition with the vera and fuses

with it, forming a single membrane. The ovum is thus directly supported

by the uterine walls, and from this point onwards uterus and ovum grow
pari passu, and the proportion of the uterine surface occupied by the

placenta remains at one-fourth. The placenta is limited at its margin by
the line of reflection of the decidua (refiexa) upon the ovum. Previous to

the end of the third month this line of reflection moves with the growth
of the placenta, passing farther and farther outwards to enclose a gradually

increasing area. During this period, therefore, the reflex grows with the

ovum ; afterwards it is unnecessary, and becomes thinned and atrophied from
pressure. The placenta, however, continues to increase in size proportionately

with the uterus, while in thickness it undergoes progressive increase within

the area mapped out for it.

The atrophy of the extra-placental chorionic villi, which is complete by
the end of the third month, is chiefly due to the withdrawal of their blood-

supply consequent upon the development of the placenta. Somewhat
later, when the ovum fills the uterus, the extra-placental chorio-decidual

space is obliterated by pressure, and the atrophied villi become surrounded

by rings of fibrin deposited by clotting from the maternal blood. In this

form they may always be found in the membranes of a young ovum, where
they appear to be embedded in atrophied decidual tissue. Near the placental

margin traces of them may be found at term.

The Placenta at Teem.—When shed from its uterine attachments the

placenta is a flat, circular, or oval mass measuring from six to eight inches in

diameter, three-quarters to one inch in depth at the thickest part, which
corresponds to the insertion of the cord, and weighing about 16 ounces.

The margin is thinner and firmer than the centre, and passes somewhat
abruptly into the chorion lseve.

The foetal surface contrasts strongly with the maternal. It is covered

with a smooth, shining membrane, the amnion, which can be readily stripped

off up to the insertion of the cord. Beneath it lie the surface branches of the

umbilical vessels. The arteries divide at once upon reaching the placenta,

and continue to branch irregularly as they approach the margin, but the

terminal divisions never quite reach the edge. The veins accompany and
often cross the arterial branches. The latter plunge vertically into the

placental tissue, then run for a short distance horizontally, and then dip

downwards again, thus forming a series of steps in their course. Thus they

pass into the ramifications of the villi in company with the veins. The

surface of the chorion exposed after removal of the amnion is smooth and

polished ; on incising it a membrane of the thickness of about one line is

seen to form the surface, and from its deep aspect springs the mass of spongy

tissue representing the chorionic villi. Attached to the deep surface of the

membrane are large numbers of small grayish or yellowish nodules, seldom

larger than half a pea. These are masses of fibrin the origin of which will

be referred to under " Pregnancy, Diseases of Placenta."

The uterine surface is dark red in colour, dull in appearance, and

divided by sulci into a variable number of more or less quadrangular areas

called cotyledons. On close inspection a thin, grayish, mottled membrane
may be observed upon the surface ; in parts it is incomplete, leaving the

deep red, spongy tissue exposed. It usually feels rough and gritty, and
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often little calcareous plates may be seen with the naked' eye. It repre-

sents the shed portion of the serotina ; it passes into all the inter-cotyledonary

sulci, and is continuous with the decidua at the placental margin. It

cannot be stripped off like the amnion. If the placenta be floated under
water the torn ends of the coiling serotinal arteries may sometimes be seen.

Around the margin runs a large venous channel, the circular sinus ; this

returns a part of the blood from the intervillous spaces ; it is usually

interrupted in several places.

When incised the cut surface of the placenta is seen to be of a dark
mottled purplish colour, and traversed by numerous thin, grayish bands
representing the larger chorionic branches. A great deal of blood slowly

exudes from an incision into the placenta, which is mostly maternal blood

from the intervillous spaces. If a stream of water be turned upon the cut

surface the spaces are washed out, and the arborescent villi then become
evident, appearing as delicate, grayish branching threads.

Degeneration in the Placenta at Term.—To understand the structure of

the ripe placenta we must remember that we are dealing with an organ
which is intended to serve only a temporary purpose. It is, in short, a

caducous organ, and when its purpose is fulfilled it is shed like a withered

leaf. Now all caducous organs degenerate before they are cast off, the

immediate cause of their shedding being that they are degenerated. So the

ripe placenta is a senile structure no longer fitted to play its physiological

part, and is therefore repudiated by the organism. This failure of vitality

commences long before the approach of the term of gestation, and results in

marked structural alterations in the placenta. The importance of a right

estimation of these changes is of great importance, for it is obviously

impossible to make any progress with the study of its diseases until the

normal structure of the organ has been fully worked out. It is convenient

to consider separately the changes in the foetal and maternal elements.

Changes in the Foetal Structures.—The initial change affects the allantoic

(umbilical) vessels ; all others are secondary to, and dependent upon, this

one. Stated briefly, they result in the obliteration of extensive arterial

tracts, and consequent arrest of the circulation in large tracts of villi. The
terminal and medium-sized arterioles are first affected ; the largest arteries

suffer later, while the veins and capillaries remain unaffected until the

circulation through them is entirely suspended by destruction of the feeding

arterioles. The change chiefly affects the intima (endarteritis) with some
participation of the adventitia (periarteritis). Arteries showing these

changes may be found in every ripe placenta ; they are most numerous in

the marginal cotyledons, and become progressively fewer towards the centre,

but the total number of branches affected is relatively small. It is a little

difficult to determine the precise period at which these changes begin, but

it is probable that they may be found as early as the beginning of the

seventh month, and appear to be slowly progressive during the three last

months of gestation.

From these changes results a progressive diminution in the blood-supply

of the villi fed by the affected arterioles. The first structure which suffers

therefrom is the epithelial covering. Many villi show in places complete

atrophy of the plasmodial layer, the nuclei having disappeared, and nothing

remaining but a thin structureless band. This change only occurs in

patches, and intermediately the layer may be fairly normal in appearance.

The layer of Langhans has entirely disappeared at this period, but it is

doubtful whether its disappearance is due to the arterial changes, it prob-

ably precedes them. In addition to these atrophic changes the epithelium
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also undergoes a peculiar form of degeneration which has been the subject

of much dispute, and is generally known as " fibrinous degeneration." It

affects parts in which atrophy is not marked. An opaque fibrillated

material, which stains much more deeply with ordinary reagents than the
unaffected parts, takes the place of the plasmodial protoplasm. It possesses

many of the staining reactions of fibrin, but also many affinities with hyaline
material, and probably results from a process allied to coagulation-necrosis.

Upon the degenerated areas fibrin is now deposited from the maternal blood
in the spaces, and often considerable heaps of this material are found.

Owing to the similarity of their staining reactions it is difficult to say
where the fibrin ends and the degenerated epithelium begins ; the fibrin is,

however, usually reticulated, which the degenerated epithelium is not. In
the ripe placenta these changes may be found upon any of the surfaces

exposed to the maternal blood, but the proportion of villi affected is

small, the greater number remaining free. Heaps of fibrin deposited upon
neighbouring villi may meet, forming a bridge between them, and filling up
the intermediate space. In this manner single villi or clusters of villi may
be found completely embedded in aggregations of fibrin, thus forming minute
areas of consolidation in the spongy placental substance. It is obvious

that villi thus embedded must be functionless, being out of contact with the

maternal blood. In point of fact, very large numbers of such functionless

villi exist in every placenta at term. For the most part they occur in

areas of microscopic size, but at times these areas are large enough to be

visible to the naked eye, and have received the name of white infarcts

from their resemblance to old infarctions of the kidney, spleen, etc. A
placental infarct is therefore a consolidated area of functionless placental

tissue.

Placental infarcts occur as firm, yellowish white, well-defined areas which
stand forth in strong contrast to the deep red, spongy placental tissue

which surrounds them. They vary much in size, but are rarely larger

than a filbert ; at times an entire cotyledon is involved. At the margin
they pass abruptly into the placental tissue, but are never encapsuled.

They are most numerous on the uterine surface and in the marginal

cotyledons ; at times they lie buried in the placental substance. The small

nodules found on the foetal surface of the placenta are small infarcts or

masses of deposited fibrin. Large infarcts may soften and break down in

the centre, and occasionally become the seat of calcareous deposit.

On microscopic examination a relatively large part of the infarct is seen

to be made up of fibrin. The villi involved in it have lost their epithelial

covering, but often contain capillaries full of stagnant blood. In the larger

divisions the final stages of obliterative endarteritis may be observed. The
veins and capillaries remain full of blood from failure of the vis a tergo ;

sometimes also small areas of maternal blood are found between the villi.

The affected villi rapidly degenerate; the stroma loses its nuclei, and

becomes converted into a structureless material which stains very feebly

with all reagents. Their contour, however, remains distinct, as they are

mostly limited by rings of fibrin. Fatty degeneration is marked both in

the atrophied villi and the masses of fibrin. Finally, necrosis affects all

structures, converting them into granular debris. Infarcts increase in size

by peripheral extension, hence three distinct zones may be distinguished in

the larger ones: a central zone of degenerated structureless material; a

middle zone consisting of fibrin and atrophied villi; and an outer zone

showing the earlier stages of degeneration of chorionic epithelium and

deposition of fibrin in the inter-villous spaces.



524 FCETUS AND OVUM, DEVELOPMENT OF

The existence of placental infarcts has been known for a very long time,

but their significance has been generally misunderstood. The older writers

all regarded them as the result of disease, and a great variety of different

morbid processes have been described as causing them. Eobin is alone

among the writers of forty to fifty years ago in attributing them to the

operation of natural causes ; he compares the process with that by which
the extra-placental villi are disposed of in the earlier months of gestation.

As a matter of fact, atrophied villi embedded in fibrin may be found in the

chorion immediately outside the placental margin at all periods of gestation

up to term, and the changes seem to be identical with those occurring in

infarcts. In the placenta the process is modified by the presence of the

maternal blood-spaces.

Changes in the Maternal Structures.—Friedlander first drew attention

to the fact that extensive thrombosis occurs in the subplacental uterine

sinuses during the later months of pregnancy ; his observations have recently

received complete confirmation by other observers. As early as the seventh

month large thrombi form in these sinuses, commencing in the muscle and
gradually extending towards the placenta. The number of sinuses affected

is relatively small, and in view of the free anastomoses which exist, it is

doubtful if they form any serious obstruction to the outflow from the inter-

villous spaces. Friedlander believed that the thrombosis was started by
large cells of decidual origin which made their way into the veins by
diapedesis. The presence of " giant cells " in the affected vessels has been

frequently observed, and it is feasible to suppose that the clotting com-

mences around them. It has already been mentioned that epiblast buds of

the chorionic villi have the power of penetrating the decidual vessels, and it

may be that some of them are carried by the blood stream into the muscular

layer and effect a lodgment there. The precise nature of the giant cells

must be regarded as undetermined.

The serotina at term consists of two well -differentiated layers— a

superficial compact, and a deep cavernous or ampullary layer. "When
the placenta is shed separation occurs through the latter, part of the

layer going with the placenta, and part remaining attached to the

uterus. The wide irregular spaces contained in the ampullary layer

represent dilated glands, and even at term retain traces of their columnar

epithelium. From the epithelium thus left behind at the placental site and
elsewhere the endometrium is regenerated during the puerperium. The com-

pact layer has undergone marked changes. Its superficial strata show that

the decidual cells have degenerated, their nuclei have finally disappeared,

the outlines of the cells themselves are blurred or lost, and a mass of

fibrillated material, easily recognised as fibrin, is deposited upon them from

the blood in the maternal spaces. The degenerated decidual cells have

much the same staining reactions as those of the degenerated chorionic

epithelium, and the two processes are, no doubt, closely allied. This change

in the superficial layers of the serotina may be found at any time from the

seventh month of gestation onwards to term.

The changes above described in the chorion and decidua, it must be

clearly understood, are not pathological. In an organ with a short life-cycle

like the placenta, the stages of growth, maturity, and decay succeed one

another rapidly. Degeneration of vessels and atrophy of epithelial struc-

tures are associated with old age in all organs of the body, and such

changes in the placenta are no more pathological phenomena than are the

thickened arteries and wasted skin of aged persons. Their effect upon the

functional capacity of the organ is difficult to estimate. Their gradual
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onset and slow progress make them much less serious disturbances than if

they ran a rapid course. Probably sufficient placental tissue always remains
active to provide adequately for the nutrition of the foetus. It may be,

however, that the onset of labour coincides generally with a period at which
the placenta becomes unfit for the further performance of its functions, and
in this way placental degeneration may be the most important factor in
determining the termination of the period of gestation.

Nutrition of the Fcetus in Utero.—We have seen that from the end of
the first week of development onwards, the human ovum receives nourishment
from the maternal organism through a placental arrangement, at first general
and simple, later, partial and specialised. In what manner the ovum is

nourished during the first week, when it increases about twenty times in
size, we do not know. In birds sufficient nutriment is stored up
in the umbilical vesicle (yelk) to carry the embryo through. In the
minute human ovum such cannot be the case. Some recent observations

by Hubrecht may throw light upon the question. He has studied with
great care the early stages of development of the hedgehog, an animal
belonging to a family (insectivora) which, with the apes and man, is

distinguished among mammals by possessing a discoidal placenta. Hubrecht
describes the formation, in the very early stages, of a zone of vascular tissue

around the ovum, composed partly of the ectoderm of the blastodermic
vesicle, and partly of the adjacent cellular tissue of the decidua. This
layer, which he calls the trophosphere, is richly supplied with maternal blood.

When the vitelline circulation is established primitive mesoblastic villi from
the wall of the umbilical vesicle push their way into the trophosphere, and
as they contain branches of the vitilline vessels, the effect is to bring the

foetal and maternal blood into close relations with one another. There is,

in fact, in the hedgehog a temporary vitelline placenta preceding the forma-
tion of the permanent or allantoic placenta. We do not know whether
there is any homologue of the vitelline placenta in man, but Hubrecht's
observations are highly suggestive.

The foetal processes of nutrition and oxygenation are carried on through
the placenta. As we shall see in a later paragraph, the excretory organs of

the fcetus become active at a surprisingly early date, and it is unlikely that

the placenta performs anyimportant excretory functions,with the exception of

carrying off the carbonic acid of the venous blood which is brought to

it by the umbilical arteries. The placental scheme presents an arrange-

ment admirably adapted for osmotic interchanges between the foetal and the

maternal blood currents, the chorionic epithelium representing the dialyser.

It is probable that the placenta is merely the vehicle of these interchanges,

and not in any sense a glandular organ. Some years ago the theory was
much in vogue that the serotinal glands secreted a nutrient fluid termed
" uterine milk," which was absorbed by the villi, and thus furnished the

foetus with nutriment. This theory has, however, never been adequately

supported by facts. A still older theory that there was a direct interchange

of blood by anastomosis between the foetal and maternal vessels is of course

negatived by the anatomical structure of the organ.

The actual facts available regarding the nature of the placental inter-

changes are exceedingly scanty. From a comparative analysis of the blood

delivered to the placenta by the umbilical arteries, and conveyed from it by
the vein, we learn that the foetal blood acquires 0, and loses C0

2
in its

passage through the placenta. About the nutritional interchanges nothing

is known. It is easy to understand that diffusible substances such as

water, salt, sugar, peptones, etc., may pass through the dialyser, but whence
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the foetus obtains its supplies of indiffusible substances such as fat we do

not know. And yet an extensive deposition of fat in the foetal organism

does take place, for Fehling has shown that the proportion of fat to the

total weight increases from -45 per cent at the fourth month of gestation to

9'1 per cent at term. It is extremely unlikely that all this fat comes

through the placenta from the maternal blood. The theory has been

suggested that it may be carried through by leucocytosis, but leucocytes have

never been observed to pass through the villi, and any extensive diapedesis

could hardly have escaped observation. The conclusion seems inevitable

that the foetus produces its own fat. The same must be said of the im-

portant pigments, such as haemoglobin, bilirubin, the iris pigment, etc.

The attempt has frequently been made to prove by experiment that various

gaseous and solid substances, both soluble and insoluble, may pass through

the placenta. While the attempt has succeeded with gases and soluble

solids, all attempts to pass insoluble solids through the placenta have broken

down. It has been held by many that certain micro-organisms, such as

streptococci, may pass through, and directly transfer disease from the mother

to the foetus, but even on this point the results obtained are not free from

objection. The transference of disease is not open to doubt, but it is

questionable whether the organisms themselves pass over, and even if they

do so, whether they pass through the placenta.

Foetal Excretory Functions.—We know very little of the means by which

the predigested nutriment conveyed to the foetus through the umbilical vein

is worked up into the various tissues of the body, nor how the waste in-

separable from such a process is disposed of. Carbonic acid, the direct

product of combustion, is eliminated through the umbilical vein, the

foetal lungs being functionless, and the placenta, therefore, the true

respiratory organ of the foetus. Very early provision is, however, made
for excretion by other channels, viz. through the liver, the kidneys, and

the skin.

The foetal liver is a bilobed organ of predominant size as early as the

fourth week of gestation in the human embryo. During the second month
it increases out of all proportion to the other viscera, causing the abdomen
to appear markedly protuberant. In the later months it becomes pro-

portionately smaller than at this period, but remains up to term relatively

larger than in the adult. In the mature foetus it weighs -Jg-th part of the

total body weight, while in the adult the proportion is about -gVth. The

lower border reaches the level of the iliac crest, and the organ occupies one-

half of the entire pelvi-abdominal cavity, and contains one-half of the total

bulk of blood in the body. From the time of establishment of the

allantoic circulation onwards it receives a free supply of pure blood directly

from the chorion. The gall-bladder appears during the second month, and

in the third month contains a yellow fluid which must be considered to be

a true biliary secretion, since it contains both bile salts and acids (Preyer).

Bile pigment has been demonstrated at the fifth month. The biliary

secretion is the principal source of the meconium, which is present in the

upper gut from the time of appearance of bile in the gall-bladder onwards.

Another proof of the activity of the liver is to be found in the fact that a

large deposit of glycogen is present in the foetal muscles, and also, though

to a less extent, in the amnion and placenta. The presence of this sub-

stance in the placenta was first noted by Claude Bernard. It is well

recognised that the liver is the source of glycogen formation in the adult,

and we are at liberty to assume with safety that the same holds good of the

foetus. Further, the liver is the great heat-producing organ, and we there-
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fore find that the temperature of the fetus usually exceeds the internal
temperature of the maternal body by -5° to 1° F. Lastly, urea, also a pro-
duct of the metabolism of the liver, is present in fcetal urine and in the
liquor amnii, and has been detected in the latter fluid as early as the sixth
week of gestation by Prochownik. It becomes clear from these facts that
from a very early period of gestation onwards the liver is an active organ,
with functions similar in all respects to those of the adult organ, and its

work as a food transformer, heat producer, and waste eliminator must be of

commanding importance in the general nutrition of the foetus.

The Fcetal Kidneys.—Observations are greatly needed as to the time at

which a renal secretion first appears in the foetus." It is well established

that during the last two months of gestation a fluid is commonly present in

greater or less amount in the bladder, which since it contains urea, water,
albumin, and chlorides, is obviously a true renal secretion. In cases of

congenital occlusion of the urethra the bladder is usually found enormously
distended ; this leads to the conclusion that not only is urine secreted con-
tinuously during this period, but, under normal conditions, it is from time
to time voided from the bladder into the amniotic sac. Albumin is com-
monly found in the urine of new-born children whether premature or

mature ; Preyer has shown that it transudes from the foetal blood through
the glomeruli, and he attributes its presence to the ill-developed state of the
glomerular epithelium in the foetus. It is most abundant about three days
after birth, and disappears about the eighth day. It has been shown also that

substances administered to the mother will find their way into the foetal urine

and liquor amnii. Thus if benzoate of soda be given to a women in labour,

hippuric acid may be detected in the urine of the new-born child, and also

in the liquor amnii. The substance has thus probably passed first through
the placenta from the maternal to the fcetal blood, and thence through the

kidneys into the urine, and through the skin or urine into the liquor

amnii.

The Skin.—The adult skin contains two sets of glandular structures,

the sebaceous glands and the sudoriparous glands. In the foetus the

sebaceous glands appear first, being active as early as the 5th month, when
vernix begins to accumulate upon its surface. The sweat glands, although

they appear about the same period (5th month) are unprovided with ducts

until the 7th month, so that they cannot be functionally active before the

latter date. The vernix consists of almost pure fat, with which are mixed
debris of epithelial cells and lanugo hairs. The structure of the skin is

very simple, the horny layer of the epidermis being practically absent, while

the rete is very vascular ; it is probable, therefore, that transudation can

readily occur through the skin from the fcetal blood to the liquor amnii.

In this way urea, e.g., may enter the liquor amnii.

Beyond the abundant production of fat by the sebaceous glands, nothing

is, however, definitely known of the functions of the foetal skin.

Other Fcetal Glands.—The activity of the mammge at birth has often been

noted, but is of no physiological importance. In some mammals a proteo-

lytic ferment has been detected in the fcetal stomach, and an amylolytic

ferment in the pancreas, but these observations have not been confirmed in

the human foetus. Eegarding the functions of the thymus and thyroid

glands in intra-uterine life nothing is known.
Meconium.—This substance is the most important of the foetal excre-

tions, the others have already been referred to, viz., the urine and the vernix

caseosa. Its principal constituent is bile, with which are mixed the secre-

tions, if any, of the gastric and intestinal glands, and extraneous materials,
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such as lanugo hairs and epidermis scales, which have been carried into the

intestinal canal by swallowed liquor amnii.

The meconium is commonly found equally distributed in the mature fetus,

from the duodenum to the rectum. This appears to indicate that peristaltic

movements occur in the fcetal gut which pass the meconium mass downwards
as it accumulates in the duodenum ; it is possible that these peristaltic

movements are excited reflexly by the contact of the acid meconium with

the mucous membrane. Gas is never found in the foetal stomach or gut,

and no putrefactive processes occur in the meconium. This is a point of

forensic importance in relation to the question of infanticide versus still-

birth. It is curious to note that in the embryo chick fgecal masses are

also formed in the intestine before it leaves the shell, which consist largely

of products of the hepatic secretion (Preyer).

The Amnion.—The structure of the amnion does not undergo much
alteration after its first formation. It consists of a single layer of cuboidal

or low columnar epithelium resting upon a stratum of loose connective tissue

with wide meshes. It can be easily stripped off the chorion lseve and the

fetal surface of the placenta up to the insertion of the umbilical cord, but

not from the cord itself. The fluid it contains is probably fetal in origin

;

it is formed ab initio in the blastodermic vesicle by segregation from the fetal

tissues ; after the formation of the placenta it probably comes, in great part,

by transudation, from the vessels exposed upon the fetal surface ; during

the later months transudation may also occur through the fetal skin, and
small quantities of urine may from time to time be voided from the fetal

bladder. It must, however, be admitted that this view is open to objection,

and many observers maintain that it arises from the maternal blood-vessels.

In favour of this view are the following facts : (1) That the fetus is known
to swallow considerable quantities during intra-uterine life, and it seems

unlikely that it should excrete fluid merely to be swallowed again; (2)

There is experimental evidence that salts administered to the mother may
be detected in the liquor amnii. The value of this observation is, however,

somewhat invalidated by the fact that in a proportion of the experiments

the salts were also discovered in the fetal urine, so that they may have

reached the liquor amnii, not directly from the maternal vessels, but through

the medium of the fetal circulation. The question must be regarded as un-

settled at the present time.

Liquor amnii is a clear, pale fluid resembling a serous fluid in its general

characters and composition. Its specific gravity is low (1006 to 1008), its

reaction alkaline, and its composition, according to Hoppe-Seyler, is as

follows :

—

Per cent.

Water 98"41

Albumin 0'19

Inorganic salts . . . .0'59
Extractives . . . . .0*81

100-00

The amount of albumin varies at different periods of gestation. At the

fourth month there is as much as 10*77 per cent (Vogt and Scherer). Gradu-

ally the proportion diminishes, until at term it is considerably under 1 per

cent, although Hoppe-Seyler's figures are lower than those of most other

observers. The most important extractive is urea, but of this there is no

more than is usually found in serous fluids. Prochownik found it as early

as the sixth week of gestation. It probably comes from the fetal skin and

kidneys, at any rate in the later months of gestation. Various matters in
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suspension, chiefly skin products, such as lanugo hairs, epidermal scales, and
masses of vernix caseosa, are also found in it. Its amount at the end of
gestation varies greatly, but is seldom more than fifty or less than ten
ounces.

The function of the amniotic fluid is mainly protective. It assists in
the maintenance of a constant temperature, diminishes the risks of injury
from without, equalises pressure, allows of the free movements of the fcetus
in utero, and during labour cleanses the passages by flushing them from
within. When deficient in amount, pressure of the uterus upon the child
may lead to the formation of adhesions and resulting deformities. It is

probable, also, that it may be swallowed by the foetus, and thus become a
source of water-supply. It is interesting to recall the fact that Harvey
observed that the embryo chick swallowed its liquor amnii, and similar
observations were made by Haller, but no recent confirmation of this state-

ment is to hand. The presence of lanugo hairs, epidermal scales, and
particles of fat in the meconium of the human foetus is certainly not un-
common, and occasionally hair balls composed of lanugo have been found in
the foetal stomach on post-mortem examination. The presence of these
substances in the intestinal tract can only be explained by the assumption
that they have been carried thither by the liquor amnii. In any case it

can hardly be important as a source of nutriment, but it may well be
useful in supplying part of the water required by the foetal tissues.

The Umbilical Coed.—The development of this structure has been
already described. In the earlier months of gestation it is composed of two
arteries, two veins, the allantois, the umbilical vesicle with its duct, and
the mesoblastic tissues of the ventral stalk. The coelom or body-cavity
is also prolonged into it, and a knuckle of gut may be contained within the

cord at its foetal extremity. The umbilical vesicle soon disappears with its

omphalo-mesenteric duct. It is stated that a trace of the umbilical vesicle

may be found in the cord at term, in the form of a minute yellowish body,

placed at its placental insertion. Then the coelom closes and the allantois

disappears, but traces of the latter in the form of an epithelial tubule may
be found in the cord up to the third or fourth month. Then the two veins

fuse to form a single channel, the arteries remaining distinct. Sometimes
permanent non-closure of the coelom occurs, giving rise to the condition

known as exomphalos. The coats of the arteries and veins are of much the

same thickness, and both arteries and veins are provided with valves

(Kollmann). The substance of the cord consists of a loose connective tissue

of gelatinous consistence named Wharton's jelly. This tissue is irregularly

disposed round the vessels, making the cord of unequal thickness, and
giving rise to protuberances or " false knots " at different parts, which are

generally found to contain in addition a loop of the vessels. The epithelial

covering of the cord consists of stratified cubical cells in the earlier months,
but at term there is usually only a single layer. Torsion of the vessels is

evident as early as the third month ; the arteries become twisted round the

vein, usually from left to right. There is no satisfactory explanation of

this occurrence. From exaggerated torsion the cord may be nipped nearly

in two ; but this is usually now regarded as a post-mortem phenomenon,
and not as the cause of death of the foetus. Its occurrence is confined to

aborted ova. The cord varies in length from 5 to 60 inches, the average

being from 18 to 24 inches. When very long the fcetus may slip through

a loop, causing a true knot ; the effect of this accident upon the circulation

is not serious. In the case of twins with long cords very complicated

knotting and interlacement may occur. Loops of the cord are also fre-

vol. in 34
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quently wound around some part of the body of the foetus, such as the neck

or limbs. According to Braun this may cause strangulation of a limb, and
may even cut through the neck as far as the vertebral column, but never

causes amputation. The cord is usually inserted into the placenta at or

about its centre. It may, however, be placed near the margin (excentric

insertion), or upon the edge (battledore insertion), or into the membranes,

where its vessels divide into branches running to the placenta (velamentous

insertion). These irregularities occur when the placenta is not equally

developed around the insertion of the primary ventral stalk, i.e. the spot at

which the allantoic vessels just reach the wall of the ovum.

Determination of the Period of Development.—During the first six

or seven weeks of its development the human embryo is indistinguishable,

except by an expert embryologist, from that of birds and other mammals.
An embryo, measuring about V mm. in length, was actually described in

great detail in the Archiv filr Anatomie und Gynecologie, 1876, by Krause

as a human embryo of four weeks' development, the error being exposed

several years later by the anatomist His. About the end of the second

month definite characteristics appear which serve to distinguish it from the

embryos of other creatures. It is usual to speak of the embryo during the

first two months, and of the foetus subsequent to that period.

The Human Embryo.—Aborted ova of the first two months of gestation

frequently show no trace of the embryo. If the ovum sac has ruptured, the

embryo escapes with the liquor amnii, and so is lost ; but in unruptured

ova it is often not found, its disappearance being then due to the disintegra-

tion and absorption which rapidly follow upon the death of the embryo at

this early period. Under such circumstances the age of the ovum must be

estimated from the size and characters of the membranes.

The following table gives the diameters of the sac of the ovum at different

periods of the first three months of gestation :

—

1 week
2 weeks
3 „
8 „
12 „

From the second week to the end of the second month the chorion is

found covered in all parts with chorionic villi. During the third month the

placenta is more or less clearly delineated by the disappearance of the villi

over the general chorionic surface. The umbilical cord is usually found in

whole or part after the end of the first month. During the first three

months aborted ova are usually discharged from the uterus without any
decidual investiture. The attachments of the foetal to the maternal struc-

tures at this period are so delicate that they are easily ruptured by the

uterine contractions, and the chorionic sac is thus discharged without its

decidual coverings, which usually follow later. When the placenta is

formed the foetal attachments are much firmer, and shreds or strips of

decidual are usually found adhering to the chorion.

The earliest human embryo which has been accurately described belonged

to the end of the second week, and measured 2 -2 mm. in length (His). The
same observer estimates that by the end of the third week it measures

4 mm., and by the end of the fourth week 7 to 7'5 mm. At this period the

cephalic and caudal extremities are bent towards the ventral aspect, and the

above measurements represent only the long diameter of the flexed embryo,

i.e. the cephalo-pelvic diameter ; straightened out it is, of course, much longer.

3'7 x 4 mm. Leopold
12x14 mm. do.

25 mm. His.
4*5 cm. Galabin.
10 cm. do.
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Other points deserving of notice in embryos of the first month are :—(1)

The amnion is closely apposed to the dorsal surface, i.e. there is very little

liquor amnii. (2) Attached to the ventral aspect are the umbilical vesicle,

a pediculated sac measuring 2 to 3 mm. in diameter, and a very short

umbilical cord. (3) The ocular and auditory vesicles are apparent at the

fourth week, and the limbs are represented by small unsegmented lateral

buds. During the second month the embryo grows from 8 mm. in length

at its beginning to about 20 mm. at its close. During this period marked
changes have occurred, which render it easily recognisable as a human
embryo. The ventral aspect becomes closed, leading to the disappearance

of the umbilical vesicle, and the umbilical cord becomes a prominent
structure, lying just above the curved tail-end of the embryo. The abdomen
is protuberant owing to the rapid growth of the liver, which even at this

early period predominates greatly in size over the other viscera, and the

trunk in consequence exceeds the head in girth ; after the eighth week the

proportion becomes reversed owing to the rapid increase of the size of the

head. At this period eyes, nose, mouth, and ears are formed, and the shape

and characters of the pinna are in themselves distinctive of the human
species. The limbs are segmented, and the fingers and toes indicated by
rows of buds of fairly equal size. The formation of a distinct neck by closure

of the lower branchial arches also occurs at- the end of the second month.

The genital cleft appears, but the external sexual characters are undiffer-

entiated.

During the third month the foetus increases to the length of 7 to 9 cm.

The marked increase in length during this period is more apparent than real,

for it can now be measured from vertex to heel, whereas previously it was

measured only from vertex to pelvis. The umbilical cord is now as long

as the foetus, and becomes twisted. The external sexual organs are still

undifferentiated, but the presence or absence of the uterus may be made out

by dissection. The rate of growth of the foetus, both in length and weight,

is subject to wide variations during the remaining months of gestation. Thus

the length, as stated by Haecker, at the end of the fourth month may be

as small as 10 cm. or as great as 17 cm. The rate of growth of the placenta

is almost equally variable ; its thickness at the end of the fourth month is,

however, said to be fairly definite, viz. 10 mm. The following table gives

the average length of the foetus at different periods, and its average weight

during the later months :

—

Period. Length. Weight.

2 weeks 2 "2 mm.
3 „ 4 mm.
4 „ 7*5 mm.
2 months (lunar) . 20 mm.
3 „ 7 to 9 cm.
4 „ 10 to 17 cm.

5 „ 18 to 27 cm. J lb.

6 „ 28 to 34 cm. l| „

7 „ 35 to 38 cm. 2* „

8 „ 39 to 41 cm. H „

9 „ 42 to 44 cm. 4j „

10 „ 50 to 53 cm. 6 to 9 lbs.

(Average, 7-7| lbs.)

The Mature Foetus.—The points by which a mature may be distinguished

from a premature foetus are of some practical interest, and may be of

importance from a forensic standpoint.

Length and weight are subject to wide variations. The average length
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varies from 19 to 23 inches ; a foetus measuring 20 inches may be safely

assumed to be mature, but the converse is untenable, since the mature foetus

may be much shorter than this. A premature foetus, however, probably
never attains a length of 20 inches. The average weight is subject to still

wider variations, and may be stated at from 6 to 9 lbs. A healthy foetus

weighing 6 lbs. is probably mature, but here again the converse is untenable
;

it may be mature, and yet weigh less than this. Premature children may
exceed this weight from the presence of disease, such as ascites or abdominal
tumours, syphilitic disease of the liver, etc. The skin of the mature foetus

is plump and smooth, presenting a marked contrast to its lax and wrinkled

condition in a foetus from about the seventh month of gestation, the difference

being due to the formation in the last two months of an abundant deposit

of subcutaneous fat. The lanugo has disappeared from all parts, except

perhaps a trace upon the cheeks ; the hair on the scalp is about an inch

long, and the eyebrows and eyelashes are well developed. The nails

project slightly beyond the tips of the fingers and toes. The skull bones
are approximated except at the fontanelles, and if a dissection can be made
centres of ossification will be found in the lower femoral epiphysis, the

astragalus, and the cuboid bones. The breasts are plump in both sexes, and
a little secretion can often be expressed, which on microscopic examination
is found to contain colostrum corpuscles and fat globules. If not asphyxi-

ated, the foetus moves and cries vigorously when born, thus presenting a

marked contrast to the torpor of a prematurely born child ; it also passes

meconium and urine within a few hours of birth.

The Fcetal Circulation.—The umbilical vein which brings arterial

blood from the placenta enters the trunk at the umbilicus and runs along

the anterior abdominal wall to reach the lower surface of the liver. Here it

gives off twigs to the left lobe, the lobus quadratus, and lobus Spigelii, which
thus receive a direct supply of pure arterial blood. It then divides into

two main branches, one of which enters the portal vein, and the other, called

the ductus venosus, joins the inferior vena cava. It will thus be seen that

with the exception of the venous blood brought from the alimentary canal

by the portal vein, none but pure arterial blood enters the liver. No other

foetal organ receives anything like so large a supply of aerated blood. From
the liver the blood is carried through the hepatic veins to the inferior vena
cava. The blood in this large trunk is mixed ; venous blood coming from
the pelvis and lower extremities by the iliac veins, and from the liver by
the hepatic veins, while arterial blood comes from the ductus venosus.

Entering the floor of the right auricle the blood-stream is directed by the

Eustachian valve across the chamber to the foramen ovale, through which
it passes in toto into the left auricle. Thence it flows through the mitral valve

into the left ventricle, and thence into the aorta, to be distributed in greater

part through the innominate, left carotid, and left subclavian trunks to the

head, neck, and upper extremities. These parts, therefore, receive the purest

arterial blood next to the liver, and further, they receive practically all the

blood which has already passed through the liver. From the head, neck, and
upper extremities the venous blood is conveyed through the superior vena
cava to the right auricle, and thence through the tricuspid valve into the

right ventricle ; it is believed that there is little or no admixture of the two
blood-streams which cross one another in the right auricle. From the right

ventricle the blood passes into the pulmonary artery, which after giving off

small branches to the lungs, passes, as the ductus arteriosus, into the

descending portion of the thoracic aorta. It will be observed that the blood

entering the aorta at this point is venous blood from the head and neck, etc.
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Probably a little mixed blood comes down from the left ventricle as well, but
there can be only a small proportion of arterial blood contained in the
abdominal aorta. Part of this blood passes to the abdominal viscera, the
pelvis and lower extremities, the greater part is carried by the internal iliac

arteries into the two hypogastric arteries, which pass up the anterior

abdominal wall to the umbilicus, where they leave the body and enter the
umbilical cord. They are now known as the umbilical arteries, and pass,

coiling round the umbilical vein, to the foetal surface of the placenta.

The Changes in the Foetal Circulation at Birth.—These are due to two
causes : first, the expansion of the lungs by respiration ; and second, the
separation of the foetus from its placenta by division of the cord. The
immediate effect of expansion of the lungs is to divert a great part of the
blood in the pulmonary artery to the lungs ; as a result the ductus arteriosus

becomes greatly contracted. The immediate effect of division of the cord is

to reduce the pressure in the right auricle by diminishing greatly the

amount of blood brought to it by the inferior vena cava. At the same time
the pressure in the left auricle is raised, because the inflow through the

pulmonary veins is augmented by the increased amount of blood now
flowing through the lungs. As a result the pressure in the two auricles is

equalised, and when they contract simultaneously in systole the flap valve

of the foramen ovale becomes closed, and the passage of blood from right to

left auricle is arrested. Practically all the blood entering the right auricle

is now passed through the tricuspid valve into the right ventricle and thence

to the lungs. The sudden reduction of the blood-pressure in the right heart

probably also assists the closure of the ductus arteriosus. The umbilical

vein contracts as there is now no blood entering it from the placenta, and
along with the ductus venosus it becomes obliterated without thrombosis.

In the adult the former persists as a fibrous cord enclosed in a fold of peri-

toneum, being known as the falciform ligament of the liver. The umbilical

arteries and ductus arteriosus are also said to close without thrombosis,

although the presumption would be that as some blood is able to enter

these vessels, clotting would occur. The foramen ovale is usually

completely closed by the eighth to tenth day after birth ; sometimes it

remains permanently patent, giving rise to the condition known as morbus
cerulceus. The ductus arteriosus usually closes rather earlier than the

foramen ovale, being converted into the ligamentum arteriosum.

Disposition of the Foetus in Uteeo.—Sectional anatomy has added

some valuable facts to our knowledge of this subject within recent years.

The general arrangement of the foetal parts is one of moderate flexion ; as a

result the body of the foetus forms a compact ovoid, the long diameter of

which measures about 10 inches, i.e. rather less than half the total length of

the body. The advantage of this arrangement is sufficiently obvious. The
head is usually found to be flexed, the chin touching the sternum, before the

onset of labour, a point which will be again considered in its bearing upon
the mechanism of labour. Frequently, also, the head is rotated a little to

one or other side, and bent towards the shoulder. Minor deviations from

this arrangement may be met with, such as extension of the legs, but they

are comparatively unimportant. Frequent changes in the relation of the long

axis of the foetal ovoid to that of the uterus occur during the last weeks of

pregnancy.

Folic Circulai re. See Insanity.
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I. Chakactekistics of Good Meat

In all cases the carcase should be that of a well-nourished animal, with-
out signs of wasting or attenuation ; the pleura and peritoneum should be
free from adhesions or staining. Good meat is firm and elastic to the
touch, without oedema or emphysema, not pitting nor crackling on pressure

;

it should be juicy, but not wet nor flabby ; the colour should be uniform,

without brown or discoloured patches. Good beef is of a bright red colour,

marbled with fat ; veal is always paler and less firm to the touch ; mutton
is dullish red, firm, the fat hard and usually white; in both beef and
mutton a uniform yellowness of the carcase, almost a saffron tint, may be

associated with perfectly healthy conditions. The carcase of the pig should
be plump ; the flesh is naturally pale and the fat somewhat soft ; the skin

should not set in folds or wrinkles, and should be without stains or

blotches ; bruises and scratches are not uncommon. In all cases when
sufficient time has elapsed for the carcase to cool and set, the fat should be
firm and the suet hard, containing no watery jelly or juice, free from blood-

stains, and creamy white to yellowish in colour. Particular attention

should always be paid to the connective tissue about the flanks, shoulders,

and diaphragm and region of the kidneys ; signs of wetness, oedema, im-
perfect setting, or diseased glands should be absent; the thoracic and
abdominal parietes should be without signs of old adhesions, staining, or

evidence that anything has been stripped away, which is sometimes done to

remove signs of inflammatory disease. The odour should be sweet and
agreeable ; a skewer thrust deeply into the flesh should have no unpleasant
odour when withdrawn. Bull beef, it must be remembered, is usually dark,

but in other cases abnormal darkness of the flesh is to be regarded as

suspicious of imperfect bleeding.

The dressing should always be completed with as little delay as possible

immediately after the animal has been killed. In the case of cattle, the

animal, immediately it is knocked down, should be bled. Every few
seconds which the blood remains in it is a matter of consequence, and tends

to cause deterioration of the flesh. The advantage of the Jewish method of

slaughtering cattle, namely, by cutting the throat, is that the blood does

not remain in the carcase at all after death. The viscera, especially the

abdominal viscera, should be removed as soon as possible, or staining will

result. The appearance of the carcase is dependent to a considerable

extent upon the manner in which it is dressed. A good butcher, clean,

careful, and prompt in the dressing, will secure a better wholesale price

than an indifferent one. Care should be taken to keep the carcase clean

during the process, so as to lessen or prevent the necessity for washing.

All badly dressed carcases should be regarded with suspicion, since diseased

animals are frequently dressed hurriedly, and by unskilled hands, and
present a slovenly appearance. But it must be remembered that some
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parts of the kingdom are noted for the bad dressing of the carcases, which
are often packed and despatched to market before they have had time to
cool and set, and carcases of calves are imported from Holland with the
hides on and the dressing roughly and imperfectly done.

The age of the animal will be recognised by the degree of ossification

and the diminished amount of cartilage ; older animals have less fat, and
the flesh becomes firmer and harder. Still-born or newly-born calves have
a watery appearance of flesh, the fat is tallow-like, and the hoofs yellow
and soft, readily indented with the nail.

Wherever possible, the viscera should be examined ; in routine examina-
tion of meat it is essential that this should be done.

Refrigerated meat is imported into this country in immense quantities,
and usually in prime condition, and it keeps well on exposure. Beef is

imported in quarters wrapped in muslin cloths; the fat is sometimes
stained with the meat juice, which gives it a dullish red appearance. Car-
cases of sheep are imported entire, usually wrapped in muslin cloths.

When the thawing process sets in, it commences on the outside ; conse-
quently the appearance of such meat may be uninviting on account of the
wetness on the surface, but this wetness must not be confounded with the
oedema of diseased meat, which is a very different condition.

Frozen rabbits and frozen poultry have recently been imported in very
large quantities, cargoes of many tons arriving in perfectly sound condition,

in the case of rabbits from Australia and New Zealand, and in the case of

poultry, chiefly from Canada.

Characteristics of Unsoundness

In chronic disease the carcase is usually more or less emaciated, some-
times to an extreme degree. The flesh of diseased animals is pallid in

appearance, and together with the connective tissue may be infiltrated with
serum ; the fat and visceral connective tissue are also wet and flabby, and
the fat will not set ; occasionally the pleura is found to have been stripped

off from the ribs to remove evidence of pulmonary disease. In acute

inflammatory diseases the affected organ will present the ordinary signs of

inflammation, but if the animal be slaughtered at an early stage of the

disease, and is properly bled and dressed, the flesh is usually normal and
sound ; if, however, the animal has not been killed until nearly moribund,

or if the disease has made progress, the carcase will be found to be red and

congested from imperfect bleeding; it does not set properly, the flesh is

dark, dry, and sticky, and frequently giving off an unwholesome odour of

drugs, which can be best detected by plunging a skewer deeply into the

flesh and noting the smell upon withdrawal.

Some important conditions affect the wholesomeness of the flesh of

animals used for food and have to be considered.

Tubeeculosis.—Cattle, pigs, poultry, and rarely sheep suffer from this

disease. Cattle, more especially milch cows confined in dairies, are most

prone to contract it. In early stages of the disease the flesh of the affected

animal is normal and fit for food ; as the malady progresses emaciation sets

in, the carcase after slaughter is soft, skinny, and dropsical, the fat wet

and flabby and presenting all the appearances of unsoundness. The Local

Government Board in England have adopted the following recommendations

of the Koyal Commission on Tuberculosis as a guide to meat inspectors in

the inspection of tuberculous carcases of cattle :

—



The entire carcase and all

the organs may be seized.

The carcase, if otherwise
healthy, shall not be con-

> demned, but every part of it

containing tuberculous
lesions shall be seized.
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(a) When there is miliary tuberculosis of both
lungs

(b) When tuberculous lesions are present on
the pleura and peritoneum

(c) When tuberculous lesions are present in
the muscular system or in the lymphatic
glands embedded in or between the
muscles

(d) When tuberculous lesions exist in any part
of an emaciated carcase

(a) When the lesions are confined to the lungs
and the thoracic lymphatic glands

(6) When the lesions are confined to the liver

(c) When the lesions are confined to the pharyn-
geal lymphatic glands

{d) When the lesions are confined to any com-
bination of the foregoing, but are col-

lectively small in extent

In view of the greater tendency to generalisation of tuberculosis in the pig,

we consider that the presence of tubercular deposit in any degree should involve
seizure of the whole carcase and of the organs.

In respect of foreign dead meat, seizure shall ensue in every case where the
pleura have been " stripped."

Amongst acute diseases, pleuropneumonia of the acute character is one
of the most important. The usual pathological signs are met with in the

lungs, and the extent to which the carcase is prejudiced in respect to its

fitness for human food will depend upon the degree to which the disease

has advanced before the animal is slaughtered.

Anthrax and anthracic diseases affect cattle, sheep, and sometimes pigs.

The disease is rapidly fatal, and the local lesions in the glands, liver, and
spleen develop rapidly, the flesh assuming a peculiar odour, and decompos-
ing much sooner than usual. The carcase in every instance is unfit for

human food and should be destroyed.
" Braxy " is a term applied to a variety of conditions widely divergent.

Wet braxy appears to include dropsical conditions in the sheep, red braxy
is a term sometimes given in inflammatory and abnormal parturient con-

ditions. The term also appears sometimes to be used as a synonym for

anthrax. Under no circumstances should the flesh of an animal dying
from anthrax or any allied disease be allowed to pass into the market.

Foot and mouth disease is common amongst cattle, sheep, and pigs, and
is associated with ulceration of the tongue and mucous membrane of the

mouth, and with the formation of blisters around the hoofs. The disease is

very infectious, but unless aggravated to an extent which has prevented
the animal feeding, the flesh is not affected, and presents the appearance of

normal flesh, and may be safely used for food.

Swine fever, known also as " purples," " swine typhoid," " soldier," etc.,

is a very acute and fatal contagious disease, which renders the flesh of the

affected animal unfit for food. Eed patches or blotches appear on the skin,

the redness extending in a marked degree through the subcutaneous fat

down to the flesh ; emaciation is rapid, and the flesh becomes pale, flaccid,

and dropsical, and of a peculiar and unwholesome odour. The intestines,

especially the large intestine, exhibit lesions which bear a resemblance to

those of typhoid fever in man.
Flesh from Animals ivhich have died, or which have been damaged or
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hilled by Accident.—The carcases of animals drowned or smothered or

naturally dead are unbled and dark, abdominal [parietes are stained, and
signs of decomposition usually evident ; such carcases should be condemned.
In cases of fractures, wounds, and bruises, if the animal be promptly
slaughtered and bled, the damaged portions only should be condemned

;

much depends on the extent of the injuries.

Parasitic diseases by which the human being may be attacked are of

great importance. Two at least may be received through the medium of

pork, viz. the Tainiadai and the Trichina spiralis.

The encysted state of the Taenia solium of man constitutes the Cysti-

cercus celluloses which commonly affects the pig, in which it gives rise to

the disease known as " measles." The " measly " pork contains the scolex

in its cyst ; the cysts average the size of a small pea, and are found chiefly

in the muscular tissues embedded between the fibres, voluntary or in-

voluntary, as well as in various organs ; they are not met with in the fat.

The parasite is difficult or impossible to detect during life, but is readily

visible when the animal is killed and opened. The carcase should be
condemned and destroyed. Hams and bacon containing the remains of the

parasite should be similarly dealt with.

Trichina spiralis is a small thread-like worm coiled in minute ovoid

cysts within the muscular fibres, and is found usually in the pig. Each
cyst contains one immature trichina which is liberated when the capsule is

dissolved by the processes of digestion. The liberated trichinae develop

rapidly, and give rise to the disease known as trichinosis. Careful examina-
tion is necessary for the detection of the trichinae ; the pork appears

speckled, and if a thin section be immersed in liquor potassae for a few

minutes, and the translucent section examined with a lens, the coiled-up

worm will be seen. All the flesh of an infected animal should be destroyed.

Distoma hepaticum or fluke is commonly found in the liver of the

sheep ; a few of these parasites, which are sole-shaped, and from half an
inch to one inch in length, are usually found in the fiver of otherwise

perfectly sound sheep, and exercise no prejudicial effect whatever upon the

flesh, but as their numbers increase the results of pressure and obstruction

to the flow of bile ensue
;

jaundice, dropsy, diarrhoea, loss of hair, and
emaciation set in rapidly, and " rot " results. The disease is met with in all

parts of the country, but more especially in damp and wet localities, and
during the long-continued prevalence of wet weather; the eggs and the

embryo are developed in water, and hence wet seasons encourage the spread

of the disease.

The carcase should be destroyed if it is deteriorated, and the liver should

also be destroyed.

Blown Veal and Lamb.—In many towns the practice still exists among
the lower class of butchers, of blowing up, with the breath, the connective

tissue of veal and lamb, and "thereby giving an appearance of plumpness to

poor meat ; this disgusting fraud is completed by taking melted fat into

the mouth and blowing it over the freshly-dressed carcase. The practice is

an offence against ordinary bye-laws, and may be recognised by the

emphysematous condition of meat which has been subjected to it.

II. Fish

Fish, either fresh or preserved, and shell-fish, form an important share of

the ordinary food-supply of families, some varieties being as nutritious as

flesh foods and more easily digested. Immense quantities of fish are pre-

served in various ways and imported from distant places.
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The chief points to be noted in determining the wholesomeness of edible

fresh fish are : (a) the freshness
; (f3) the season in which they are on the

market, as this is associated with their condition as to spawning
; (y) the

places from which they are taken, as the nature of their food is involved.

With regard to (a) the freshness, fish should be firm to the touch; the
duration of the stiffness of recently caught fish depends upon the weather
and passes off in from six to twelve hours ; the eyes and skin should be
bright and glistening, the gills bright reel, unless dulled by ice ; no trace of

offensive smell. Fish keep best if killed and gutted immediately they are

caught ; if dealt with in this way they remain fresh from two to three days
longer ; they deteriorate most quickly when caught by the gills in nets and
allowed to die slowly in the water. Trawling boats going very long dis-

tances to the fisheries are provided with chilling apparatus or ice, by means
of which the fish can be brought in good condition from distant fishing

grounds. In regard to (/?), the influence of season, most varieties of fish are

decidedly out of condition during spawning, some also during the time
preceding and following it ; they become thin and lose their flavour. The
time of spawning varies considerably; in the case of salmon, rivers are

closed under statutory regulations from five to six months, usually from
September to February, with a view as much to " preserve " the fish as to

ensure wholesomeness; this close season varies in different districts, and
smuggled salmon may be perfectly wholesome.

The following table indicates the spawning periods of the principal edible
fishes ; the black lines indicate the limits of the spawning period, the crosses ( x )

indicate the maximum of spawning ; the dotted lines include the months when
the fish is " out of season "

; this is to some extent a matter of individual opinion,
and there are many degrees of being out of condition. All of the periods are liable

to some slight amount of local or annual variation, but the table may be taken as
a fair average :

—

Jan. Feb. Mar. April. May. June. July. Aug. Sept. Oct. Nov. Dec.

Salmon . . .
J.

Plaice ... -I

Dab . . . A X

>

X

-

Lemon Sole

Sole .

Cod .

Haddock

Whiting

Gurnard

Turbot

Brill .

{

\

{

{

f

!

\

{

X

— X

—

X

X

X

X—

-
{ <

1

The locality (y) is chiefly of importance in the case of stationary shell-

fish, such as oysters, mussels, etc., taken from sewage-contaminated waters,

the noxious matter being sometimes taken in by the fish with its food, or

the body of the fish being merely soiled with the filth.
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An exceedingly important inquiry was recently made by Dr. Bulstrode
into the conditions under which oysters and certain other shell-fish are

cultivated and stored along the coast of England and Wales. His investi-

gation is given in detail in the 24th Annual Eeport to the Local Govern-
ment Board.

Oysters are perhaps better known than other shell-fish to be possible

agents in disseminating typhoid fever and forms of choleraic disease, prob-

ably because that class being a more important article of food than other

shell-fish, greater attention has been paid to it, but there can be no doubt
at all that what applies to oysters also applies to other shell-fish used for

food.

Dr. Bulstrode's report makes it abundantly plain that many of the beds
in which natives are grown, or foreign oysters are deposited for fattening

purposes, are so situated as to be almost necessarily bathed with the

effluent of sewers, and the shell-fish are in consequence liable to be fouled

with the excreta of persons suffering from diseases of the type of cholera

and typhoid fever. The transmission of typhoid by this means is now
generally acknowledged.

Professors Herdman and Boyce have recently published the results of

their investigations into oysters and disease, and as an outcome of their

experiments in regard to the typhoid bacilli they found by washing infected

oysters in a stream of clean sea water that there was a great diminution or

total disappearance of the typhoid bacilli in from one to seven days. Their

experiments showed that sea water was inimical to the growth of the

typhoid bacilli, and although their presence was demonstrated in one case on

the twenty-first day after addition of the water, still there appears to be no
initial or subsequent multiplication of the bacilli.

They also found that the colon group of bacilli is frequently found in

shell-fish as sold in towns, and especially in the oyster, but they found no

evidence that it occurs in mollusca living in pure sea water.

They also found the frequent presence in various shell-fish of anaerobic

spore-bearing bacilli, showing the characteristics of the bacillus enteritidis

sporogenes.

They remark that " it is evident, from these experiments and a con-

sideration of all the facts brought to light in recent years in regard to the

bacteriology of shell-fish and its influence on public health, that we must
regard oysters, mussels, cockles, etc., as nutritious food matters, which, from

their nature and circumstances of their cultivation and sale, are liable to

become contaminated with organisms, pathogenic or otherwise, and their

deleterious products."

It is unnecessary to insist upon the absolute importance of steps being

taken to remove any possible suspicion of sewage contamination from the

beds and layings from which oysters are supplied to the market.

With regard to the green oysters which are largely imported from

America and laid down on various parts of the coast for fattening, the con-

clusion of Herdman and Boyce is that the green colour is due to copper.

In the case of the Marennes oyster the presence of greenness is due to a

pigment not associated with copper.

III. Milk and Milk Products

Milk is an exceedingly important article of food. Breast milk is, or at all

events ought to be, the sole food in the earlier months of life ; cows' milk

is used to a greater or less extent throughout the whole of life, and is largely
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relied upon in many forms of illness. The quantity of cows' milk consumed
by a community is evidence of its importance as an article of food.

About 24,000 gallons are supplied eyery day to the city of Liverpool,

representing a daily allowance of about one-third of a pint per head of the
population. Eather more than half that amount, say approximately
12,500 gallons, is supplied from cows kept in cowsheds within the city

boundaries; the remainder, viz. about 11,500 gallons, is imported from
various farms in the neighbouring counties. Probably most towns in the

kingdom are similarly circumstanced.

In order to ensure that the milk shall be wholesome, it is a first essential

that the cow from which it is taken shall be healthy, and that its sur-

roundings are healthy, the shippon or byre having adequate space, from at

least 600 to 800 cubic feet per cow, being also well lighted, well ventilated,

and kept clean in every detail. If these precautions are not rigorously

observed, the cow is extremely liable to tuberculosis, commonly of the

lungs, as in the case of human beings, but besides the lungs, certain glands,

notably the udder, may be affected.

It is gratifying to note that throughout the whole country, but more
especially in towns where the supervision which is exercised is more
efficient, there is a general improvement in the condition of the places

where cows are kept.

When the udder of the cow is affected with tuberculosis, the tubercle

bacilli which are breeding there flow away with the milk, and, still

retaining all their activity and virulence, may on entering the stomach
infect with tuberculosis the person consuming the milk.

The real preventive remedy clearly is to aim at the root of the evil, and
(1st) to have the shippons, or cowsheds, or byres so well constructed and
kept that the cows shall remain under conditions most favourable to health

;

and (2nd) to have the cows examined from time to time at appropriate

intervals, in order to ascertain that they remain healthy. An additional

safeguard, which is in the power of everybody, is to boil the milk for a few
seconds, or to sterilise it by raising it to a temperature somewhat below
boiling-point, either of which would effectually destroy all tubercle bacilli

;

the sterilisation can be readily accomplished if the vessel containing the

milk is placed in a saucepan or other suitable vessel containing water,

which can be heated to boiling.

The question has been mooted as to whether or not, in the event of a

cow being so dangerously affected with tuberculosis as to contaminate the

milk, compensation should be paid to the owner if he removes it. It

must be remembered that no cow-keeper who wilfully keeps a diseased

animal upon his premises would have any claim to sympathy or considera-

tion. No man has a right to sell an article which damages the health of

the consumer, without duly warning the consumer of the danger that he
runs. The consumer is not prepared to meet the risk in the case of milk

;

moreover, there is no reason why the cows should suffer at all from tuber-

culosis : in good and sanitary shippons or cowsheds such a condition is un-

common, it is only in those which are badly constructed and badly kept

that tuberculosis is frequent.

In contrasting the relative purity of town and country supplies, it is

satisfactory to find that adulteration is not frequent in either case. In

both town and country milk, however, adulteration with water is found a

little more frequently in samples taken on Sundays than on other days.

A most important difference is found in the frequency of the presence of

the tubercle bacillus in town milk and country milk. It would naturally
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be thought that, with the very great natural advantages which the country
possesses, tubercle would be less frequent than it is in the town. This,

however, is very far from being the case, and it is a most serious reflection

upon the sanitation of country shippons that tubercle is found more than
twice as often in samples from the country as it is in samples from the
town : thus, out of 398 town samples (taken from shippons in Liverpool),

20, or 5 per cent, were found to be infected with tubercle, but out of

195 samples taken at the railway stations on arrival from the country,
23, or 11-8 per cent, were found to be infected. This shows the great need
for sanitation of country shippons, and that the consumer should take town
milk when he can get it, rather than that sent in from the country, where
little or no supervision is exercised.

Some valuable information upon the subject of tuberculosis and milk
was laid before the two Eoyal Commissions which were appointed to inquire
into the effect on human health of food derived from tuberculous animals

:

the circumstances determining danger from milk were gone into at con-
siderable length, and the conclusions arrived at are important, and may be
held to rest upon the most recent knowledge upon that branch of the
subject.

The Eeport of the Eoyal Commission, April 1895 (paragraph 60),

states:
—"According to our experience, then, the condition required for

ensuring to the milk of tuberculous cows the ability to produce tuber-

culosis in the consumers of their milk, is tuberculous disease of the cow
affecting the udder. It should be noted that this affection of the udder is

not peculiar to tuberculosis in an advanced stage, but may be found also in

mild cases." This paragraph is a somewhat guarded one, and is not at

variance with the conclusions from recent investigations, which point to the
possibility that a tuberculous animal may give tuberculous milk even if

the udder itself is not the seat of disease.

Under the Dairies, Cowsheds, and Milkshops Order of 1899, the Local
Government Board prohibit the sale for human food of milk from any cow
certified by a veterinary surgeon to be suffering from tuberculous disease

of the udder, and provide that such milk shall not be used for the food of

swine until it has been boiled.

With regard to ascertaining the presenceor absence of the tubercle bacillus

in milk, the only dependable means is that of inoculation. The guinea-pig

is the animal commonly used, the injection being subcutaneous or peritoneal.

The lesions which are the result of such inoculation can be clearly re-

cognised from those which might have been produced accidentally in some
other way. When proper precautions are taken, the injection of material

free from tubercle bacillus will not produce lesions which can be mistaken
for tuberculosis.

The microscopic method alone is unsuitable, because even if tubercle

bacilli were equally distributed through tuberculous milk (which they are

not), a very large number of them would have to be present before one

could expect to find one bacillus now and again in the few drops of milk

used for a microscopical examination, e.g. to examine one ounce of milk, at

least 500 microscopical examinations would be necessary, each one taking

twenty minutes to half an hour, and if there were say 100 bacilli in that

ounce, five such examinations would be necessary before it could be expected

that one bacillus could be discovered, yet one bacillus in each drop would
represent 10,000 bacilli in a pint of milk.

In inoculating, due care must be taken to ascertain that the animal is

perfectly healthy before inoculation, and that it is kept under healthy
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surroundings in an effectively ventilated animal house ; the animal being
isolated as soon as any abnormal symptom develops.

Turning to another direction apart altogether from tuberculosis, inocula-

tions were found to be extremely useful in investigating the relationship

between milk and infantile diarrhoea ; it has been found—in the summer
and autumn at least—that in some cases when the milk was not fresh, it

proved highly virulent from causes other than that of tuberculosis, and
killed the animal within forty-eight hours, indicating the presence of

irritant organisms, the presence of which is of serious import, as likely to

give rise to the acute and fatal gastro-enteritis of infants which is so exceed-

ingly common during the summer and autumn.
The use of humanised cows' milk, instead of, or in addition to breast

milk for young infants, is exceedingly common, and the wide difference

between the two must be carefully borne in mind. Milk, when supplied in

the natural manner to the young infant, passes direct, without exposure to

the air, from the gland of the mother to the stomach of the infant at a

suitable temperature and adequately mixed ; it contains neither adulterant

nor preservative, nor has anything been abstracted from it, whilst, most
important of all, it is, bacteriologically, clean and pure. The milk of

commerce, on the other hand, is exposed to numberless risks of contamina-
tion, not only in the open buckets in the shippon, but also in strainers, pails,

milk cans and jugs, into which it finds its way in the course of its progress

to the consumer ; and even if it is neither skimmed, watered, nor otherwise

adulterated, yet after being hawked from door to door through the dusty

streets it must necessarily arrive in a varying degree of staleness, more
or less contaminated, and loaded with microbes of various kinds.

Between milk supplied as Nature intended it, and milk which has gone
through so many vicissitudes, there is a gulf fixed, and a consideration of

these facts indicates the extreme importance of care, and the desirability of

sterilisation in all cases of doubt.

Without going into details as to the nature of the putrefying organisms,

or how they find their way into the milk, it may be stated that the direct

destruction of infant life every summer and autumn from putrefying

artificial milk-foods is remarkable. The facts may be illustrated by con-

trasting the mortality amongst an equal number of infants of equal ages

fed respectively upon the breast alone, and upon cows' milk with artificial

foods, of which milk, doctored in various ways, is the basis.

As the result of a careful investigation by the writer, extending over

several years, and supplemented and checked by the experience of members
of the Liverpool Medical Institution, it is found that the mortality

amongst equal numbers of infants below three months of age, fed respec-

tively upon cows' milk with artificial foods, as well as breast milk, is fifteen

times as great as it is amongst those fed on breast milk alone ; or to put it

in another way, if twenty infants out of every thousand below three months
of age, fed upon the breast alone, die from infantile diarrhoea, no less than

300 die out of every thousand fed upon cows' milk and artificial foods as

well as breast milk ; but if they get no breast milk at all, nothing, in fact,

but cows' milk and other artificial foods, it would appear that the deaths of

those under three months of age would increase from 20 to 440 per

thousand—a number almost incredible. The enormous mortality amongst
infants during the autumn months is very largely accounted for by this

circumstance.
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IV. Preservatives and Colouring Matters

Preservatives and Colouring Matters are now very extensively used,
and consideration of their probable effects upon the digestive system is

necessary.

Preservatives.—The very extensive use of chemical preservatives
renders the subject one of considerable importance. It is not necessary to
say that all waste in regard to perishable food-stuffs should be avoided as
far as possible; the usefulness of the application of cold to this end is

thoroughly appreciated, so also is the application of heat in the preservation
of tinned foods of various kinds; by these means the food is preserved
without the addition of anything likely to be injurious, and, by lessening
the price, a good and abundant food-supply is brought within reach of the
poorer classes.

But in the case of chemical preservatives another aspect of the question
appears, since, whilst the chemical used may check putrefactive changes in

the food, it may also check the fermentative processes of digestion.

The preservatives most commonly in use are boracic acid, or borates,

salicylic acid or salicylates, formalin, and of course salt. Boracic acid or
borates are very largely used; margarine, butter, ham, bacon, sometimes
fish, cream, and milk contain it ; in margarine and butter it is more or less

uniformly mixed, its use has been common for many years, thirty grains to

the pound being often met with ; in hams and bacon it is usually and
chiefly on the outside, although not infrequently from four grains to eight
grains per pound are found in the interior. Sausages, pork-pies, and pastry
frequently contain it. Salicylic acid and salicylates are found in jam,
but the manufacturers appear to be bona fide anxious to add only a
necessary minimum in this case ; what are known as British wines and also

certain temperance drinks are frequently found to contain boracic acid or

salicylic acid far in excess of what is necessary, the range found being from
4 to 100 grains of boracic acid per gallon, and 7 grains to 150 grains

of salicylic acid per gallon. Their use in these larger quantities is distinctly

objectionable. It has actually been urged in defence of the practice that

the quantities are not larger than those given in medicinal doses ; this may
be true, but the question is one not of medicine—which may be all very well

in its way—but of food, and indiscriminate doses of physic are not wanted
at meal-times.

Formalin is not infrequently used to preserve milk and cream. The
addition of chemical preservatives of various kinds to milk is commonest
during the winter months, probably because at that season the milk has
the highest value, and consequently the greatest profit is to be derived from
keeping it, so that it may be worth the dealer's while to run the risk of a

prosecution.

The pernicious results arising from the indiscriminate use of preservatives

have been demonstrated by Professor Boyce, who, feeding three series of five

kittens upon milk containing

—

(a) 10 grains of boracic acid to the pint

;

(&) 5 grains of boracic acid to the pint
;

(c) upon pure milk—found that the

group fed with 10 grains to the pint became emaciated and died after

obvious evidences of gastro-intestinal disturbance, that those treated with
5 grains showed similar results, whilst the remaining five continued

perfectly healthy, and showed the normal increase in weight.

Similar experiments with formalin showed, in proportion to the quantity

of the formalin used, ill-health and emaciation, whilst control kittens fed

with pure milk remained active and well and increased in weight.
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Inquiry shows clearly enough that grave danger will follow if young
infants are fed upon milk containing these preservatives, and it emphasises

the necessity for feeding infants as nature intended them to be fed, or if

that is impracticable, to employ only pure, natural, and clean substitutes.

Investigations such as these have also been undertaken by other

observers, and show plainly enough that chemical preservatives must be

used with extreme caution ; their careless and haphazard use is attended

with the gravest danger to the consumer.

Colouring Matters.—Sausages, more especially German sausages, are

coloured usually with a mixture of borax, and red coal-tar dye of the class

known as sulphonated diazol, with a little salt, or saltpetre.

Sometimes ground-rice or bread-crumbs are mixed with the colouring

matter.

Armenian bole consists of oxide of iron with a little silicious matter.

A pernicious fraud is perpetrated by brushing-over hams, bacon, fish,

etc., with a mixture of borax, salt, red coal-tar dye, and creosote, which gives

the article the appearance of having been perfectly and carefully smoked.

The name given to the colouring mixture is " Smokene."

With regard to metallic salts, it is relatively uncommon to meet with

these; sulphate of copper is found in bottled or tinned preserved peas,

beans, etc., sometimes in unnecessary and dangerous quantities ; the

presence of the salt is injurious and unnecessary, and certainly conceals the

inferior quality of the article, for example, by giving to stale and withered

peas a spurious appearance of freshness and greenness.

V. The Effects of eating impure Food

The bacillus enteritides sporogenes has been found in unsound meat as

well as in unsound fish.

It has already been pointed out that specifically harmful consequences

do not necessarily follow from the ingestion of innutritious flesh. Meat
from emaciated and worn-out animals is condemned on the sufficient

grounds that it is innutritious, and in consequence has not the qualities

which the consumer requires. But in regard to the consumption of flesh

which is decomposing, or which is taken from animals which have suffered

from inflammatory disease, or certain parasitic diseases, the consequences

are very different, and few medical men have not from time to time had

abundance of evidence to show this ; moreover, cooking cannot be relied on

to prevent this mischief. Unsound food is liable to give rise to symptoms
of gastro-intestinal disturbance, diarrhoea, vomiting, colic, followed by more

serious symptoms of septic poisoning, prostration, pyrexia, and failure of the

heart's action ; many such cases, some resulting fatally, have been recorded.

Pies of beef or pork, sausages (alliantiasis) and the like, have also given

rise to these conditions. Dr. Ballard (see Eeports of the Local Govern-

ment Board) quotes a number of cases in which mischievous or fatal

results have followed the ingestion of animal food; out of fourteen

such instances, pig-meat of one kind or another occasioned the illness in no

less than nine, veal in one, beef in one, the kind of meat not specified in

two, tinned salmon in one. An explanation is suggested of this special

liability of pig-meat to produce these specific maladies : of all adult flesh

meats ordinarily eaten, pork, under the process of cooking, furnishes the

largest proportion of gelatin; young meats, such as veal, are also largely

productive of gelatin, and gelatin is a favourite nutriment of morbific

bacilli. As a result of his investigation, Dr. Ballard considers that " in
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infected food capable of producing disease on being eaten, we find one or

both of two things—a living microscopic organism and an organic chemical
poison of greater or less virulence. Of these two things, that which is

immediately operative in the production of the morbid phenomena is the
chemical poison which is apparently of a basic nature, and a product of the

processes of bacterial life.

" Specifically different bacteria, capable of producing this chemical
poison, may through its agency give rise in the human system and in

animals to clinical phenomena and pathological changes in the organs which
are so similar, that at present they cannot be distinguished.

" Given the bacterium and favourable environment, the bacterium may
grow, multiply, and produce its own special chemical poison from the

material which affords its nourishment either outside the body or within it."

The presence or absence of an incubation period prior to the manifesta-

tion of toxic symptoms is explained by Dr. Ballard as evidence of the

symptoms being due either to the operation within the body of the bacterium
itself, or of their being due to the operation of the chemical poison already

prepared in the food. Where merely the bacterium is introduced, time is

required for its growth and for the formation of its poisonous chemical
product; when the chemical poison already prepared outside the body is

introduced, its operation is more speedy.

Not only is thorough cooking of importance in all cases, but equally so

is the observance of absolute cleanliness in every stage of the preparation

of the food for the table.

A case of fish-poisoning occurred in Liverpool during last year. Five
persons after eating cooked salt fish and pig's cheek, purchased from a stall

in a low quarter of the city, became seriously ill with the usual symptoms
of food poisoning, and four of the five died the day after partaking of the

food, the other' one the next day but one. The post-mortem appearances

indicated a rapid and intense infection. The bacillus enteritides sporogenes

was found in three of the cases. A considerable number of persons who
had fed from the same stall at the same time suffered no ill effects. An
extended investigation into fish of the kind, both cooked and uncooked,

was made, and in various instances the growths, inoculated into guinea-pigs,

produced pathogenic action, several of them producing fatal results typical

of the bacillus enteritides sporogenes. The clinical features of such cases

are referred to further under " Intestine."

It is not necessary to allude further to the possibility of specific

infection of, for example, typhoid fever, from contaminated shell-fish, nor
the transmission of parasitic disease from infected flesh, to which references

have already been made.
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